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ABSTRACT

Mobile Reverse Osmosis Water Purification Units (ROWPU) have been used by the
armed services for over a decade to produce potable water for field applications. While
this technology has proven successful, a need exists to protect the membrane
elements from microbial decomposition during long-term storage. Biocidal agents
must be environmentally safe and effective at inactivating micro-organisms associated
with membrane surfaces without compromising membrane performance. Phase |
studies successfully demonstrated that appropriate methods and testing protocols for
evaluating candidate biocides for their activity and compatibility with membranes were
feasible. In addition, gamma radiation and several chemical biocide systems
exhibited considerable promise.

Phase |l of this program would extend this evaluation of chemical biocides and
methodologies for element preservation. Potential biocides, identified from database
surveys and other sources, would be screened to determine their microbicidal activity
against biologically fouled membranes. Microbicidal activity would be determined by
comparing transport properties before and after exposure to potential biocides.
Candidate biocides would be further evaluated under dynamic flow conditions and in
element soak tests to confirm membrane compatibility and long-term stability.
Biocides would be ranked according to microbicidal activity, long-term stability,
membrane compatibility, cost and environmental safety.
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1.0 INTRODUCTION

The objective of the Phase | feasibility program was (1) to identify existing and novel
antimicrobial agents (i.e., biocides) for preservation of reverse osmosis membrane
elements used in the ROWPU systems and (2) to determine the feasibility for biocide
testing and performance evaluation. The program focused on Filmtec and Fluid Systems
membranes currently used in all ROWPU's. The candidate biocides that were selected for
evaluation are based on their reported disinfection activities, known or suspected effects
on reverse osmosis membrane integrity and performance, safety and environmental
properties, chemical stability and shelf life, ease of handling, commercial availability and

cost.

The specific Phase | objectives included:

1.

Identification of known biocides or other chemical compounds (or mixtures of .
compounds) that may have potential as membrane preservatives,

Selection of candidate biocides based on reported toxncologlcal properties,
microbicidal and other criteria,

Selection and/or development of appropriate methods and testing protocols for
evaluating candidate biocides for their activity and compatibility, and

Preliminary activity and compatibility testing to validate testing protocdls.

The Phase | activities focused on five areas:

1.

Completion of a computer data base search for biocides suited for the
requirements set forth for ROWPU reverse osmosis element storage.

Selection of approximately sixteen biocides to be evaluated on this program.

Procurement of ROWPU elements for testing and evaluation at both Separation
Systems Technology and at the Orange County Water District Facility. All
membrane used in the biocide study was derived from the aforementioned
elements for biocide evaluations.

Reverse osmosis qualification testing of both Filmtec and Fluid Systems
membranes, under seawater conditions, at Separation Systems Technology to
qualify membrane samples for long term storage in each biocide. The purpose of
this test was to determine what effect, if any, the biocides may have on the transport
properties of the membrane.

Installation and integration of several element test vessels, on a slip stream, in the
Orange County Water District's 5,000,000 galion per day reverse osmosis plant
operating on secondary treated municipal waste water. Both Filmtec and Fluid
Systems membrane elements were operated for several weeks to foul and/or
contaminate the membrane with microorganisms. Subsequently, the membrane




was removed from the elements and placed in the various biocides for long term
storage. At the end of storage period, the membrane samples and the biocide
solutions were analyzed for live microorganisms to determine the effectiveness of
the biocide.

1.1 BIOCIDE SELECTION

The selection of the individual biocides for this study was determined after reviewing the
following reterences;

1.

A detailed literature search including a review of membrane related biocides.

. A computer data base search.

2
3.
4
5

Contact with a number of commercial biocide producing companies.

. Consuitation with microbiology researchers at several universities.

. Reterence to:

Seymour S. Block, Disinfection. Sterilization and Preservation, Lea and Febiger
Press, Philadelphia, 1983.

Consuitation with Dr. Harry Ridgway, chief microbiologist at the Orange County
Water District, on the operational experiences at Water Factory 21 - a 5,000,000
gallon per day reverse osmosis plant operating on secondary treated municipal
waste water since 1972.

Consultation with Dr. Charles Moody of the U.S. Bureau of Reclamation.

A review of several commercial seawater reverse osmosis plant histories with the
plant engineers.

After screening a large number of candidates, the following were selected for evaluation:

1.

Gamma radiation:

Types of ionizing radiation are x-rays, gamma-rays, high speed electrons (beta-
rays), protons and alpha-rays. In practice, beta - rays and especially gamma-rays
(usually produced from a cobalt 60 source) are employed. lonizing radiation

is believed to exert its effect by bringing about single-strand or double-strand
breakages in DNA, the latter being more lethal. In order to establish a sterilizing
dose for a given material, one must be able to balance the radiation tolerance of a
material against that dose of radiation considered necessary to establish sterility.
For relatively inert materials such as plastics, large doses can be used with relative
impunity. The use of gamma radiation to sterilize hospital supplies such as plastic
hypodermic syringes, sutures, and containers is the main commercial application
for ionizing radiation. Thus, it follows that sterilization of spiral-wound ROWPU
reverse osmosis membrane elements by gamma radiation is a very promising
candidate for evaluation.
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2. rn monium com :

These surface active agents encompass a large group of compounds that have
widespread use as sanitizing and disinfecting agents. The quaternary ammonium
compounds are water-soluble cationic surface-active agents that inhibit
microorganisms in low concentrations. Although the quaternary ammonium
compounds are inherently effective biocides, they have been found to be
incompatible with a large number of materials, especially anionic compounds. The
latter is of some concern, particularly with the negatively charged Filmtec
membrane. To neutralize the negative charge on the membrane surface, it may be
necessary to increase the ionic strength of the biocide solution with salts.

Both Cetyltrimethylammonium p-toluene sulfonate and benzalkonium chloride
(C12, H25, N, C9,H13,Cl) were evaluated.

3. Ethylene diaminetetr i i TA):

Extensive studies on mode of action reviewed by Wilkenson (1975) relate
essentially to metal binding by EDTA, especially magnesium, for Pseudomonas
species in general. It appears that the outer membrane of gram-negative cells, i.e.,
the lipopolysaccharide, is structurally stabilized by Mg*+. Removal of Mg++ by
EDTA complexing disorients the outer membrane exposing the thin (one-
molecular-layer) peptidoglycan sacculus to environmental insult, including
permeability to many antimicrobial agents.

EDTA has been demonstrated to increase the activity of benzalkonium chloride
against gram-negative organisms. It appears that EDTA is synergistic with these
compounds. The effectiveness of EDTA extends the utility of quaternary
ammonium compounds.

5. Benzoic acid:

Benzoic acid is one of the oldest antimicrobial compounds that has been used in
the food and drug fields. Generally, concentrations of 0.1 to 0.5% of the compound,
incorporated as sodium benzoate, have been used effectively. The advantageous
features are low toxicity, low price and ease of incorporation or formulation.
Benzoic acid is effective against bacteria in acid media at a level of 0.15% and in
neutral media at 0.2% but is inactive in alkaline media.

6. Boric acid:

The undissociated acid is the active form. It is mainly active against yeasts with
less activity against molds.

7. Mixture of benzoic acid and boric acid (Memstore):

Memstore, a synergistic system based on a benzoic acid-boric acid mixture.




8. Mixture of methyichloroisothiazolinone and methyl isothiazolinone:

10.

11.

12.

Kathon CG is a mixture of methyichloroisothiazolinone and methyl isothiazolinone.
It is supplied as a water soluble formulation. Its broad-spectrum activity and
compatibility with other materials are complemented by low toxicity at
recommended use levels.

r lycerin i isulfite:

The mixture was run as a control, since Filmtec ROWPU elements are presently
stored in this solution.

Glutaraldehyde:

Glutaraldehyde was run as a control since Fluid Systems ROWPU elements are
presently stored in this solution. Glutaraldehyde has been shown to exhibit

potent activity against a range of fungi. Vegetative bacteria are readily susceptible
to the action of glutaraldehyde. However, there are reports in the literature of
resistance of microorganisms to glutaraidehyde. it is possible that the latter may be
attributed to contamination. The presence of various types and amounts of organic
and inorganic materials as well as changes in pH may lead to adsorption,
alteration, or inactivation of the disinfectant, significantly reducing recommended
effective concentrations. Also, substandard preparation of the "activated”
disinfectant, contamination of solutions, failure to replace solutions that have
deteriorated on standing, or even dilution of residual glutaraldehyde solution may
all modify the response of a particular species to the disinfectant, resulting in
possible contamination. Due attention should therefore be exercised in the use of
glutaraldehyde, as with any disinfectant, to avoid such occurrence.

Sorbic acid was introduced as a preservative in recent years as a result of its
history as a safe and effective food additive. It is more effective than benzoic acid
as an antifungal agent, but, like benzoic and other acids, it is active only as the
undissociated molecule. It has been shown that sorbic acid was effective against a
variety of soil microorganisms at concentrations of 0.05% at pH 5.1, but at pH 6.0,
0.20% was required to inhibit growth. In general, it appears that sorbic acid is an
effective preservative for acidic formulations. Various investigators have examined
the interaction between sorbic and nonionic surfactants. it was generally found
that sorbic ac'd retained sufficient activity to inhibit bacterial and fungal growth.

Salicylic acid:

Salicylic acid, or o-hydroxybenzoic acid, is a white crystal that dissolves in water at
a level of 0.2 g/100 g of water at room temperature. Its pKais 2.97. Salicylic acid
reacts with proteins, damaging the plasma of microbial cells and probably
interfering with enzyme activity. Salicylic acid interferes with pantothenic acid
formation, which is necessary for many organisms. It is more effective against
yeasts and molds than against bacteria, but it is more effective against bacteria




13.

14.

15.

16.

than is benzoic acid. Salicylic acid can be used only in highly acidic environments
because of its dissociation behavior (dissociation constant of 1.07 x 10-3).

Mi i -

A commercial mixture of glycerin and a (C9, H10, 03) compound sold as a
membrane preservative. The recommended pH is 5.5. Itis believed that the
biocide component is either a benzoic acid or benzaldehyde derivative.

BCDMH is a safe, effective alternative to chlorine-based oxidizing biocides and
non-oxidizing biocides for microbiological control in industrial cooling waters. In
water, BCDMH releases the active bromine disinfection species, hypobromous
acid. BCDMH effectively controls bacterial, algal, and fungal slimes. in addition,
it is registered by the United States Environmental Protection Agency.

For - 2-Bromo-2-nitro-1.3-pr iol, (BNPD):

Many preservatives have been developed whose activities are based on the
gradual release of formaldehyde. Such products retain the antimicrobial properties
of formaldehyde while avoiding the odor and volatility associated with
formaldehyde. Among those compounds that have antimicrobial activity only after
decomposition are those based on putative formaldehyde release. This includes a
large number of compounds, both cyclic and acyclic, representing a diverse array
of structures. The initial reaction in the decomposition of BNPD in aqueous
solutions results in the liberation of 2-bromo-2-nitroethanol and formaidehyde.
Broad spectrum activity is an important requirement for an antimicrobial. BNPD is
highly effective against gram negative and gram positive bacteria. BNPD is more
effective against bacteria than against fungi and yeasts. However, its effectiveness
against the latter increases at higher concentrations. Where fungal contamination
is a problem, BNPD can be used in conjunction with other preservatives to effect
control.

Mi (] lkoni hlorid | EDTA:
A mixture of these compounds is reported to exhibit synergistic biocidal effects.




1.2 METHODS AND MATERIALS

Polyetherurea and polyamide thin-film composite membrane samples were cut from both
Fluid Systems and Filmtec spiral-wound ROWPU elements. The location of the membrane
samples both within the element and within each sheet were recorded. On a given strip of
membrane, six samples were removed for the biocide study. Three samples were tested
in reverse osmosis at 800 psi applied pressure on ASTM synthetic seawater. A minimum
rejection of 98.5% was required to qualify the membrane samples for the biocide study.
Subsequently, the three alternating samples were placed into various concentrations of
the selected biocide solutions at a given pH and stored at room temperature in a dark
container. A sodium bicarbonate-hydrochloric acid buffer solution was employed. The
three samples stored in the biocide solutions were tested under the same aforementioned
conditions after about seventy days to determine if the membrane transport properties
were detrimentally affected by the biocides. Seventeen (17) biocides, including gamma
irradiation, were selected for study. Results of these studies are presented below.

2.0 GAMMA IRRADIATION STUDIES FOR MEMBRANE STERILIZATON

Radiation sterilization is a highly reliable, cost competitive, low-temperature sterilizing
process. Two types of ionizing radiation, gamma and beta, are generally used for this
application. Contact sterilizers favor gamma radiation, characterized by its deep
penetration and low dose rates, over beta particles, characterized by low penetration and
high dose rates.

Gamma radiation is attractive as a method for sterilizing ROWPU reverse osmosis
elements since the elements are often stored for several years before use. The ROWPU
elements would be irradiated soon after assembly and packaging by the element
manufacturer. In addition, it may be beneficial to incorporate a chemical biocide into the
element packaging, prior to irradiation, as an additional safeguard. For sterilization in the
field, the latter biocide could be readministered.

In Phase | of this program, the effects of gamma radiation on the transport properties of
both Filmtec and Fluid Systems membranes were determined. In a parallel study, the
effectiveness of gamma radiation for sterilization was determined with both Filmtec and
Fluid Systems membranes that had been fouled with microorganisms during reverse
osmosis operation on munincipal waste water at Orange County Water District.

2.1 BENEFITS AND APPLICATIONS OF GAMMA PROCESSING

Gamma processing is now the preferred sterilization method of all major medical
companies around the world. Radiation enables the sterilization of medical products
within their own sealed packaging. Irradiation generates very little heat and is considered
a cold process, permitting the sterilization of heat sensitive materials. In addition, it leaves
no harmful residue.

The many uses of irradiation has rapidly expanded to include the sterilization or
decontamination of some pharmaceutical materials and containers, laboratory supplies,
cosmetic materials, containers and applicators, various food packaging products, and
food itself.




2.2 MECHANISM

The nucleic acids and proteins present in all micro-organisms are each adversely affected
by gamma rays emitted in the radioactive decay of cobalt-60. However, the disruption of
nucleic acids, which contain information essential for growth, is substantially more crucial
that the disruption of proteins. The most critical nucleic acid, DNA, contains the blue print
for future generations within its exact structure. Therefore, any disruptive effects of
ionizing radiation on life, focuses on damage done to DNA.

The principal effect of intensive gamma ray exposure on DNA is depolymerization. In this
reaction, it is essential that both nucleotide strands are ruptured, since repair enzymes
can regenerate the complete DNA helix from the information present on a single strand.
The ionizing radiation environment also interacts with the base, sugar, and phosphate
units of the nucleotide. Disruption of the base units, the most sensitive portion of the
nucleotide, can lead to intrastrand or interstrand cross links in the DNA (biologically
inactive structures).

In addition to the direct kill mechanism, indirect effects significantly contribute to the
demise of DNA. These effects are dependent on the presence of water and oxygen.
Water is dissociated in the presence of ionizing radiation, forming hydroxyl radicals.
These radicals attack the bases and also extract hydrogen from the sugar units which
ultimately results in scissions of sugar-phosphate bonds. Irradiation under aerobic
conditions increases the extent of damage to DNA. Formation of peroxy radicals
promotes breakage of the deoxyribose-phosphate bond.

At an absorbed dose of 2-3 Mrads, only a small fraction of the linking bonds is ruptured.
However, for a DNA molecule, an absorbed dose of 2-3 Mrads causes approximately 10
to the 5th chain scissions, a sufficient amount to kill all micro-organisms in a packaged
product and preclude enzyme repair processes.

2.3 RADIATION PROCESSING FACILITIES

An irradiation facility consists of a cobalt 60 energy source, an irradiator building with a
processing room, a material handling system, and a warehouse. The products to be
irradiated are transported into and out of the processing room on an automated conveyor
system and in their shipping containers. The irradiation process is extremely safe and
does not make materials radioactive. In fact, irradiated goods can be safely handled and
used immediately after treatment. The irradiation processing industry is governed by strict
and comprehensive safety regulations. As a result, extensive safety features are built into
each system.

2.4 GUIDELINES FOR VALIDATING THE GAMMA STERILIZATION
PROCESS

The AAMI guidelines for gamma sterilization of medical devices lists five basic steps.
These serve to validate the minimum radiation dose required to ensure that the product
and package content are completely sterile. The five steps are:




1. Materials Compatibility
2 Dose' Setting
3. Product Loading Pattern
4. Dose Distribution Pattern
5. Cycle Timer Setting
In the Phase | program we were only concerned with (1) and (2).

Each polymer reacts differently to ionizing radiation. It is important to verify that the
maximum dose likely to be administered will not have a detrimental effect on the transport
properties of the membranes. Thus, membrane samples were irradiated to the highest
dose likely to be encountered during routine processing, to date, the highest dose that
the membranes were exposed was 2.6 Mrads.

The chances of one organism surviving after irradiation, decreases logarithmically with
increasing dosage. However, it is important to take into account microbial population
characteristics which define its pre-sterilization bioburden. Relevant characteristics
include:

1. The magnitude of the popuiation, and
2. The resistance properties of the population to radiation.

A higher minimum dose will be required for membranes with a higher bioburden that for
membranes with a lower bioburden. Most of these factors can be overcome simply by
using an "overkill" dose level. This term typically applies to a minimum dose level of 2.5
Mrads. To validate the "overkill" level, it is common to employ a test procedure known as
the modified Kilmer Method in which a give number of membranes are irradiated at 1.01 +
0.05 Mrads. Following irradiation, a membrane sterility test is performed. Results fall into
three basic categories:

1. Avyield of no surviving organisms validates the 2.5 Mrad dose,
2. Ayield of one survivor requires a re-test, or

3. Avyield of two or more survivors suggests the need to evaluate and correct those
factors in the production process causing a high bioburden.

2.5 EXPERIMENTAL RESULTS

Polyetherurea and polyamide thin-film composite membrane samples were taken from
both Fluid Systems and Filmtec spiral-wound ROWPU elements, respectively. The
location of the membrane samples both within the element and within each sheet were
recorded. On a given strip of membrane, six samples were removed for the gamma
radiation study. Three samples were tested in reverse osmosis at 800 psi applied




pressure on ASTM synthetic seawater; a minimum of 98.5% rejection was required to
qualify the membrane samples for the irradiation study. The three alternating membrane
samples were packaged in a sealed poiyethylene bag for subsequent exposure to
irradiation. The membranes were gamma irradiated at various dose levals and
temperatures as follows:

1. 2.6 Mrads at 60°C
2. 2.5 Mrads at ambient temperature (Cooled)
3. 2.1 Mrads at 60°C
4. 1.6 Mrads at 60°C

Three sets of membranes from both Fluid Systems and Filmtec were irradiated under
each of the aforementioned conditions; each set of membrane contained three individual
samples. In total, seventy two (72) membrane samples were irradiated. After irradiation,
the membranes were tested in reverse osmosis at the same conditions as the controls. A
summary of the results of the study are presented in Table 1. A summary of the individual
test results are detailed in Table 2; the individual test results are given in Appendix A and
B.

These studies have shown that there is limited deterioration of the Filmtec polyamide
membrane upon exposure to gamma radiation. Fluid Systems membranes, on the other
hand, degraded significantly.

It is well known that the Fluid Systems polyetherurea membrane is both chemically and
physically less durable than the Filmtec polyamide membrane. In the presence of ionizing
radiation, water is dissociated to form the hydroxyl radical. It is likely that the degradation
of the membrane is related to the presence of the hydroxyl radical. In the future, it may be
necessary to include a radical scavenger in the aqueous environment of the membrane.

In a paralle! study, biofilms were formed on the surfaces of both Fluid Systems and
Filmtec membranes in spiral elements that were operated for several months on a
municipal waste water feed at the Orange County Water District's Water Factory - 21
5,000,000 galions per day reverse osmosis plant. Subsequently, the biofouled
membranes were removed from the elements, cut into rectangular sections measuring
approximately 4" x 12", place in sealed plastic bags and irradiated under different
conditions. A control sample was left unirradiated. The inactivation of reverse osmosis
biofilm bacteria by gamma irradiation is shown in Figure 1.

Following irradiation, the membrane surfaces were scraped with a sterile razor blade to
remove biofilm bacteria. The scrapings were resuspended in 5.0 mL of sterile buffer
solution and the number of surviving cells per mL determined by plating appropriate
dilutions onto R2A agar growth medium. Air-born contamination resulting from scraping
and related handling was probably responsible for the two instances where a very low
number of bacteria were directed following irradiation. These low values were based on
the appearance of a single colony on a plate. It can be concluded that gamma irradiation
produced a total kill of the biofilm.




In summary, these results are very promising. Gamma radiation promises to be an
excellent method for sterilizing ROWPU elements and will be conducted during Phase |l.

2.6 GAMMA STERILIZATION COSTS

Pricing schedules for gamma irradiation of ROWPU elements is based on the tote size
and loading. A tote contains the ROWPU elements while it moves through the radiation
room. The tote's internal dimensions are 20" X 50" X 36". Thus, approximately 15
ROWPU elements could be placed in a single tote. The charge for a single tote, for 2.5
Mrads minimum dosage, is $39.00. On this basis, the sterilization cost per elements
would be in the order of $3.00. Special handling charges such as refrigeration, pallet
wrapping, etc. would be additional. Thus, the cost of sterilization by gamma irradiation is
competitive with chemical biocides.

10




91T+ 0'sl- (D.0019'1 VININYD L9-S91TV
1'€9+ LT+ (0.,09)9'1 VINWVD 89-0€LE
SET+ '+ D.00)9'1 VANYD 99-$917V
SHA Tov+ oOpl+ (0,0919°1 YININVD 99-0€LE
Ls- 8'8- Q091 VAWVYD $9-691TV
9'Sh+ 80T+ (0.09)9'1 VAINVD $9-0€LE
9L6+ YEL+ (Q.001T VYININYD 09-82L¢
S'0E+ I'¢- Q.091'T VININVYD 09-S9ITV
SHA 601+ €0+ Q01T VIANYD 6S-8TLE
9'69+ SLI- (0.091°C VINNVD 6S-S9ITV
601+ L'8i+ (D, mM1T YINWNVD 8S-8TLE
LT+ L6 (@100)5¢ VININVD $S-S91TV
L9vy+ 681+ ({@I00)sT VININVD $$-8TLE
0'81- $1- (@ooXsc VINWVD $$-TTLBY
SdA Lig+ VOT+ (@100)s'T VNINYD £5-8TLE
0'6Z+ [ 2 (a@oo)sT VINNVD £6-TTL8V
, £ EY+ pSi+ {TI00)$T VININVD 1S-8TLE
o€ 0 oY- (2,099 YINNVD 9P-TTLBY
86+ LT (00997 VIAWYD 9p-8TLE
v+ 0'0€+ (0,0919C VINIAVD SY-TTLBV
sdA 1'E9+ TTT (0.099C VINNVD SY-8TLE
1'81- 1Z¢- (20,0997 VINNVD YP-TIL8Y
€T 90" (2.09)9'C VINNVD YH-8TLE
(FONVHO %) HONVHD %)
A5VSSVA LIVS FOVSSVd ddlvm Savun 3dAL OHdINTL  asd
NMASVHd NI NOLLVIAVY OL NS 0dXd IV IONVHD NOIIVEIVE ——  NOLLVNOISAd TN
NOLLV(YIVAA
TVNOLLGAaV
YOI ALVAKANYO STLINAJOUd LHOISNVEL ANVIEWAIN NOLLYOLILINAQI ANVIENEN

S.LINN NOILVNITYSEd NdMOY AWNYV ‘SN HHL NI gdSN SANVIEWAN
ALISOdINOD WTLI-NIHL D3 LWTId ANV SIWALSAS diN1d 40 SALLYIdOYd LYOdSNVIL
JHL NO 1Da44d S.LI ANV NOLLVIaAvVddl VIWAVO 40 SSANIALLOFA4d TVISOHOIAN

[ dIqEL

11




£0- 91- £y €€+ HONVHD
886 [I'L6 1’6l  $9C 1'66 L8 PEC TEL DAV
L'86 L T66 v'€T (Q.091'T VININVD 19-691ZV

0L6 6°LT $'86 9'vT (Q.001°C VINNVD 09-8TLE
166 81T €66 $'TT (0.091C YINIHVO 09-5912V

€Lé 96T 8'86 (Al X4 (0,001 YINNVD 6$-8TLE
L'86 8Ly 686 £vT (0.091°C YINNVD 65-S91TY

1'L6 092 L'86 612 (0.091'C VINWYD 86-8TL€
0 €0- $0- ST+ FAONVHD
68 S'86 90 S'61 L6'86 066 1'1Z  OLl DAV
6'86 $0C 1°66 Lee (@005t VININVYD §S-S91TV

$°86 1'02 066 691 (agen) 54 VIAINYD $S-8TULE
1°66 Lot 8°86 $0T (@odisc VININVD +$-TTLBY

9°'86 L6l 066 6Ll ({a@oo)se VINNYD €5-8TLE
L'86 $0T 066 00T (a@102)sc VINWNYD €$-ZLL8V

$'86 L8] 066 791 (@100)57T VYINNYD 16-82LE

0 90 - 8- TU+ HADNVHD

1'66 §'86 oLt  LLl 166 166 TST SSI DAV
1°66 €91 0'66 €T (D.099C VIANVD ob-TTLSY

$'86 681 766 st (D,09)9°T VINNVD or-8TLE
686 JATA 66 €6C (2,099 VYINNYD SP-TTLBY

$'86 9Ll 166 vyl (00919 VININYD Sh-8TLE
£66 691 1°66 6'vT (D099C VINNVYD ¥P-TTLBY

L'86 9'9] 066 L' (D:09)9T VINNYD ¥-8CLE

(%) @) (%) @io) SAVIN BdAL OAIWT asd
NOLLOAfA "ANCD X0 ¥ELVM NOLLJA[EY 'gNOD XN ¥alvm T NOIVIaVY NOILVNORXI INAATTH

NOLLVIQVHI ¥ALIV STLLYHAIOYd JUOdSNVEL NOLLVIAVIYI F0Jd8 SALLYEd0ud JHOdSNVYL

NOLLVIAV¥YI VWAVO ¥3LEV ANV F40434 - SINGWIUNS VAN INVIEWNEIN NOLLYOIHLINAQ] ANVEEWIN

SINAWANNSVIWN TVILLRIO ANV SNOLLIONOD TV.INFWRIAdXE NOLLVZITIHELS NOLLVIavy
Z9lqeL

12




10" 9'0- 6'1- 9t+ - HONVHD

066 186 Yo 91T 1'66 L'8 €TT 081 DAV
L' 86 661 6'86 €T (2.0009'1 VIANVYD L9-€91TY
8L6 Lee 9°'86 581 (0.009°1 VNNVO 89-0ELE
686 rAl £/ 1°66 8’12 (0,0909'1 YINHNYD 99-$91ZV
9'86 8'81 066 +91 (0,09)9'1 YINHNYD 99-0€LE
¥°66 002 ¥°66 LUie (D.09)9'1 VANYD $9-$91ZV
8°L6 €T $'86 Z'61 (2,09)9'1 YINNVYD £9-0ELE
(%) (£ )] (%) Q1) SAVIN BdAL OHINTE dsd
NOLLOAA ‘'ANCD XN YEALVM NOLLDAMM 'ANOD XN MALVM T NOLVIAVE NOIIVNOSad INaRT 13

NOLLYIGVI YALLAV SALLNEdOYd JHOISNYIL NOLLVIAVYI 20438 SALLYHdONd JYOdSNVIL

NOLLVIIV¥I VWNVD YALIV ANV 240436 - SINAWSUNS VAN aNVIEWIN NOLLVOLILINAI aNVIENIN

SINAWTINSVAW TYILLRID ANV SNOLLIANOD TVINTWRISdXE ‘NOLLVZITIHALS NOLLVIAvy
(1u0D) T 3IqeL

13




uonelpel) Bwwes) AQ eusjoeg WLOIG SISOWSQ 8SI9ASY JO uoneAoey| - | einbiy

(peiw) abesoqg uoneipel| ewwer)

st

(Tw/ndo Bo7)
euriquepy uo Bujurewey eusjoeg e|qelp

14




3.0 MEMBRANE COMPATIBILITY TESTING WITH FIFTEEN
CANDIDATE BIOCIDAL AGENTS

3.1 BACKGROUND/EXPERIMENTAL APPROACH

Antimicrobial agents may adversely affect membrane integrity and/or performance. In
order to test for this possibility, 1.5 x 3.5 inch rectangular sections of membrane were
removed from new Fluid Systems and Filmtec spiral-elements and performance rated in
reverse osmosis tests for initial water flux and salt rejection at 800 psig on a synthetic
seawater feed solution. A corresponding set of membranes samples were immersed in
fiteen different candidate biocidal agents, or biocide combinations, at ambient
temperature for up to three months. Low, medium and high concentrations of the biocidal
agents in buffered solutions were used in the immersion tests. Tests were performed in
triplicate. These tests were performed using aseptic techniques to eliminate the potential
for microbial regrowth and/or metabolic processes. Sterile control membrane
preparations were incubated under identical conditions in the buffered solution, but
without added antibicidal agent. :

After the membranes have soaked for the appropriate duration, the water flux and salt
rejection of all membrane samples are determined in the same reverse osmosis test at
800 psig on a synthetic seawater feed solution. Any significant difference in the pre-soak
and post-soak performance values, when compared with the untreated control
preparation, can be interpretated as an effect of the biocidal agent on the membrane.

3.2 RESULTS

A summary of the pre-soak and post-soak reverse osmosis performance results are
presented in Table 3. Growth prevention is expressed as "minimum inhibitory
concentration® (MIC), i.e., the highest biocide dilution that results in complete growth
inhibition (see Section 6.0). Detailed performance data sheets for each individual test
described in Table 3 are shown in Table 4.

Extreme care was taken in removing the membrane samples from the spiral elements to
minimize physical damage. The elements were flushed with a 50% glycerin solution prior
to dissection to lubricate the membrane against spacer screen damage. This is
particularly important for Fluid Systems membranes since it well known that these
membranes are very delicate on the thin film surface and are easily damaged. There is
also some concern about membrane damage induced by the 0-ring of the test cell during
reverse osmosis testing. Ideally, a study of this type should be conducted with spiral
elements to minimize and/or eliminate these variables. Thus, some variation in
membrane performance, particularly sait rejection, can be expected due to membrane
damage by excessive handling.

In addition to the fifteen biocides, a control solution without biocide was evaluated to
establish a baseline variation in test performance. The results of this test are given in
Table 4. The average change in water flux and salt rejection for the Fluid Systems
membrane was +1.2 gfd and -0.4%, respectively. The average change in water flux and
salt rejection for the Filmtec membrane was +2.0 gfd and -0.139%, respectively. Thus, any
significant change in membrane transport properties, before and after immersion in
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biocides, must be greater than the baseline test control. This variation in membrane
performance, particularly Fluid Systems membrane, may be due to membrane damage
caused by handling. In nearly every case, the loss in rejection exhibited by Fluid Systems
membrane after biocide exposure exceeded that of the control.

Several quaternary ammonium compounds were selected for evaluation since this class
of materials has been shown to be an effective biocide. These compounds carry a net
positive charge and, depending on the magnitude of the charge, can interact with some
reverse osmosis membranes. The thin-film composite membrane removed from the Fiuid
Systems elements has an aliphatic/aromatic polyetherurea thin film while the membrane
removed from the Filmtec element has a fully aromatic polyamide thin film; the Fluid
Systems membrane surface is near neutral while the Filmtec membrane surface carries a
slight negative charge in the form of carboxyl groups. Thus, it was not totally unexpected
that Filmtec membrane showed a severe loss in water flux after storage in quaternary
ammonium compounds such as benzalkonium chloride and cetyltrimethylammonium p-
toluene sulfonate. (See Table 3). The water flux of the Fluid Systems membrane, on the
other hand, was not affected. Nevertheless, more investigations should be conducted.
Various types of quaternary ammonium compounds should be evaluated at various ionic
strengths; by varying the ionic strength of the biocide solution it may be possible to
minimize or eliminate the charge interaction of the biocide with the membrane.

Two commercial biocide solutions, Memstore from King Lee Chemicals (sodium
benzoate/sodium borate) and Progard from Argo Scientific (glycerin/C9, H10, O3),
produced uncertain results which appear to adversely affect the membranes. However,
with commercial biocides, the solutions were used at the prescribed pH and concentration
as designated by the supplier. Thus, only three membrane samples were used. In all
other tests, three samples were used for each of three concentrations for a total of nine
samples. These tests with commercial biocides should be repeated in Phase Il with a
greater number of samples and/or with membrane in spiral elements.

Formaldehyde, a very effective biocidal agent, has been used in the reverse osmosis
industry for years. Unfortunately, formaldehyde is a hazardous material that can cause
severe health problems. For these reasons, membrane manufacturers have switched to
glutaraidehyde, a dialdehyde, which is somewhat less hazardous due to its lower vapor
pressure. Glutaraldehyde is used as a preservative for the Fluid Systems membrane. For
this reason, glutaraldehyde was inciuded in the list of candidate biocides for this study.
While glutaraldehyde did not affect the transport properties of the Fluid Systems
membrane, it drastically lowered the water flux of the Filmtec membrane to an
unacceptable level. Clearly, glutaraldehyde is not an acceptable candidate for the
Filmtec membrane.

A mixture of sodium bisulfite and glycerin is used as a storage biocide for the Filmtec
membrane. Accordingly, this biocidal mixture was evaluated in this study. The results
would suggest that this biocide should qualify for further evaluation during Phase Il of
this program.

Substituted isothiazolinone, Kathon, appears to be acceptable for both membranes even

though the water flux was somewhat lower for the Filmtec membrane than desired. This
material should be evaluated more extensively during Phase Il. Kathon is a readily
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available commercial biocide currently used as a reverse osmosis membrane
preservative.

Both ethylenediaminetetracetic acid (EDTA) and an EDTA-sodium benzoate mixture had
little, it any effect, on the transport properties of either Fiuid Systems or Filmtec
membranes. These materials are excellent candidates for further study.

Bromonitropropane diol lowered the water flux of the Fiimtec membrane by about 50%.
Based on this observation, it does not appear to warrant further study as a general biocide
for either Fluid Systems or Filmtec membranes.

4.0 SCREENING TESTS OF EXPERIMENTAL BIOCIDES USING
BIOFOULED FLUID SYSTEMS AND FILMTEC MEMBRANES

4.1 BACKGROUND/EXPERIMENTAL APPROACH

The experimental strategy involved determination of whether a particular biocidal agent,
or combination of agents, was able to prevent regrowth of bacteria in biofilms associated
with reverse osmosis membrane coupons. Regrowth was determined by visual
inspection of test tube cultures (each containing a fragment of a biologically fouled
reverse osmosis membrane + growth medium) for turbidity after an appropriate period of
incubation. Biocides tested in dilute R2A broth (Reasoner and Geldreich, 1987), a
complex organic medium designed to support the growth of a wide variety of environ-
mental bacteria, including those which might be associated with fouled reverse osmosis
membrane surfaces (Ridgway, 1988). Biocides were defined as effective only if they
completely prevented microbial growth and turbidity development in the broth cultures.
However, microbial activity within the biofilm itself was not explored using this approach.

4.2 EXPERIMENTAL PROTOCOL

Fourteen different biocidal agents (or biocide combinations) were tested over a wide
range of concentrations to determine their relative effectiveness in suppressing the growth
of bacteria associated with reverse osmosis biofilms. Biofilms were formed on the
surfaces of both Fluid Systems polyetherurea and Filmtec aromatic polyamide thin-film
composite reverse osmosis membranes that had been operated on pretreated municipal
(activated-sludge effiuent) feedwater at Water Factory 21 (Orange County Water District,
Fountain Valley, CA.) for a period of approximately two months.

Ten different concentrations of each biocide solution were prepared in duplicate in two-
fold dilution series ranging from 1:2to 1:1024. The diluent used was R2A broth (complex
bacteriological growth medium) diluted 1:5 with the pH's adjusted appropriately for each
biocide. To each tube, 5.0 mi of the biocide stock working solution was added to the first
tube and two-fold dilutions were prepared from this tube. Duplicate control preparations
containing no biocide were included with each dilution series.

Stock working solutions of biocides were prepared using ultrapure (18 megaohm) water

and their pH's adjusted according to the following schedule. Each stock biocide solution
was filter sterilized and stored in sterile plastic containers.
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BIOCIDE STOCK WORKING SOLUTION

Sodium Benzoate, 1.0%

EDTA, 1.0%

Sodium Benzoate/EDTA, 1.0%

Salicylic Acid, 0.4%

Sorbic Acid, 0.2%

Benzalkonium Chloride/EDTA, 1.0%
Glutaraldehyde, 6.0%

Benzalkonium Chiloride, 1.0%
Substituted Isothiazolinone, 1.0%
Bromochlorodimethy! Hydantoin, 200 mgA
Cetyitrimethylammonium p-toluene
sulfonate, 0.1%

Sodium Bisulfite, 2.0%

Sodium Benzoate/Sodium Borate, 1.0%
Bromonitropropane diol, 1.0%

E
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The biofouled reverse osmosis membranes were cut into rectangular sections measuring
approximately 1- x 2-cm and a single such fragment was added to each test tube in the
series (including controls). The tubes were incubated at 30°C with agitation (200 rpm) for
up to 18 days. The presence (+) or absence (-) of visible turbidity, indicating growth or no
growth, respectively, was recorded after four and eighteen days of incubation.

4.3 RESULTS

Results of the biocide screening tests are summarized for Filmtec and Fluid Systems
membranes in Tables 5-8 and in Figures 2-4. Because some of the biofilm bacteria grew
slowly, a two to three week incubation time was preferred (compared to shorter times) to
obtain conclusive results. Some test tubes which were clearly negative (i.e., no visible
growth) after the initial four or six day incubation period, converted to positive (i.e., visible
growth) after 14-18 days incubation. Thus, a minimum 14 day incubation time will be
employed in all future biocide growth-inhibition tests.

The "minimum inhibitory concentrations" (MIC values) used for the fourteen biocides
tested are summarized in Tables 5-8 and Figure 2. The biocides which exhibited the
greatest degree of growth inhibition included:

EDTA (1% wt.A~ol.) working solution)

Sodium Benzoate/EDTA mixture (1% wt./iol. each)
Benzalkonium Chloride/EDTA mixture (1% wt./vol. each)
Glutaraldehyde (6% wt.A\vol.)

Benzalkonium Chioride (1% wt.Nol.)

Substituted Isothiazolinone (1% wt.Avol.)
Cetyitrimethylammonium p-toluene sulfonate (0.1% wt.Aol.)

The above agents all inhibited microbial re-growth at final dilutions of 1:256 or more.

28




The least effective biocides included:
Salicylic Acid (0.4% wt./vol.)
Sorbic Acid ( 0.2% wt.Nol.)
Bromochiorodimethy! Hydantoin (200 mg/)

Each of these agents resuited in growth inhibition only up to dilutions of 1:4. Memstore,
the sodium benzoate/sodium borate mixture (1% wt.~iol.), exhibited growth inhibition only
up to a 1: 8 dilution.

The "molar activity” of each biocide is presented in Figures 3 and 4 (Molar activities
shown in Figure 4 are log values). Molar activity was defined as the quotient of the
observed MIC for a particular compound divided by the molarity of the stock solution for
the same compound. Thus, the molar activity values presented in Figure 3 represent
biocide activity expressed on a "per molecule” basis, thereby allowing direct comparison
of activity between different biocides. Interestingly, Kathon yielded the highest molar
activity followed by cetyitrimethylammonium p-toluene suifonate, EDTA, benzalkonium
chloride + EDTA, benzalkonium chloride and sodium benzoate + EDTA, respectively. The
relatively high molar activity of the divalent cation chelating agent EDTA combined with its
comparatively ease of handling and low environmental toxicity suggests that this
:?fmpound and its many chemical analogs should be tested more thoroughly in a Phase Il
ort.

Interestingly, biocide activity appeared to be generally greater (higher MIC's) using the
Fluid Systems polyetherurea membrane than the Filmtec polyamide membrane. The
reason for this difference is not clear at this time and deserves further investigation during
Phase Il. It is possible that the size and/or qualitative composition (i.e., type of bacteria) of
inoculum was somewhat different for the two types of RO membrane, although both
membranes were operated on the same teedwater for the same amount of time (about
two months) at Water Factory 21. Nevertheless, different membrane types used in this
study. During the Phase Il effort the amount of biofilm associated with different membrane
elements will be quantified prior to using these membranes to challenge experimental
biocides.

The least effective biocides included salicylic acid, sorbic acid, and bromochloradimethyl
hydantoin. Each of these agents resulted in growth inhibition only up to dilutions of 1:4 or
less. Memstore exhibited growth inhibition only up to a dilution on the Filmtec membrane
and showed no detectable activity at any dilution on the Fluid Systems membrane.
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Table 5

'Raw Biocide MIC Data for FilmTec Polyamide Membrare
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Table 6

Raw Biocide MIC Data for Fluid Systems Polyetherurea Membrane
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BIOCIDE LEGEND FOR TABLES 5 AND 6
con = control (no biocide addition)

A = Sodium Benzoate, 1%

B =EDTA, 1%

C = Sodium Benzoate/EDTA, 1%

D = Salicylic Acid, 0.4%

E = Sorbic Acid, 0.2%

F = Benzalkonium Chloride/EDTA, 1%

G = Glutaraldehyde, 6%

H = Benzalkonium Chloride, 1%

= Kathon, 1%

J = Bromochlorodimethyl Hydantoin, 200 mg/l

K = Cetyltrimethammonium p-toluene Sulfonate, 0.1%
L = Sodium Bisulfite, 2%
M
N

= Memstore, 1%
= Bromonitropropanediol, 1%
NA = Not Available
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Table 7
MIC Values and Molar Activities of Biocides Tested Against Filmtec Polyamide

Membrane
Biocide Stock % | Mol. Wt. | Molarity | MIC® | Molar
Activity®
Na/benzoate 1.0 144.1 0.069 8 116
EDTA 1.0 372.2 0.0269 1024 | 38067
Na/benzoate+EDTA | 1.0 258° 0.0388 512 13196
salicylic acid 0.4 138.12 0.2896 4 13.8
sorbic acid 0.2 112.13 0.179 2 11.2
benzalkonium/Cl 1.0 324° 0.0309 1024 | 33139
+EDTA
glutaraldehyde 6.0 100.12 0.599 512 854.8
benzalkonium/Cl L 276 0.0362 1024 | 28287
Kathon 1.0 ? ? 128 | ?
bromochiorodi- 0.02 241 0.00083 2 2409.6
methyl hydantoin
cetyitrimethylam- 0.1 455.7 0.00219 256 | 116895
monium p-toluene
sulfonate
Na/bisulfite 2.0 104 0.192 16 83.3
Memstore 1.0 ? ? 4 ?
Progard 80.0° 166 ? 8 |?
gfca'monitropropane- 1.0 200 0.050 64 1280
io

a Molecular weight shown is an average of component moiecular weights.

b MIC ="minimal inhibitory concentration’, i.e., the highest biocide dilution that resulted in
complete growth inhibition.

¢ 'Molar Activity' refers to observed biocide activity (MIC) expressed per mole of biocide.
Molar activity is computed by dividing the MIC by the molarity of the stock biocide
solution.

d Commercial product diluted to 80% strength for working stock. Concentration of active
ingredient was unknown.
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Table 8

MIC Values and Molar Activities of Biocides Tested Against Fluid System
Polyetherurea Membrane

Biocide Stock % | Mol. Wt. | Molarity | MIC®| Molar
Activity" |
Na/benzoate 1.0 1441 0.069 8 116
EDTA 1.0 372.2 0.0269 64 2379
Na/benzoate+EDTA | 1.0 258° 0.0388 32 825
salicylic acid 04 138.12 0.2896 6.9
sorbic acid 0.2 112.13 0.179 22.3
benzalkonium/Cl 1.0 324° 0.0309 256 | 8285
+EDTA
glutaraldehyde 6.0 100.12 0.599 64 107
benzalkonium/Cl 1.0 276 0.0362 256 | 7072
Kathon 1.0 ? ? 64 |?
bromochiorodi- 0.02 241 0.00083 NA® | NA
methyl hydantoin
cetyltrimethylam- 0.1 455.7 0.00219 16 | 7306
monium p-toluene
sulfonate
Na/bisulfite 20 104 0.192 8 417
Memstore 1.0 ? ? NA® | NA
Progard 80.0° 166 ? 8 ?
g_ro'monitropropane- 1.0 200 0.050 32 640
iol

a Molecular weight shown is an average of component molecular weights.
b NA = no biocide activity evident at lowest test dilution (1:2).

¢ MIC ="minimal inhibitory concentration’, i.e., the highest biocide dilution that resulted in
complete growth inhibition.

d 'Molar Activity’ refers to observed biocide activity (MIC) expressed per mole of biocide.
Molar activity is computed by dividing the MIC by the molarity of the stock biocide
solution.

e Commercial product diluted to 80% strength for working stock. Concentration of active

ingredient unknown.
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5.0 SUMMARY AND CONCLUSIONS

The objectives of the six-month Phase | feasibility program were to identify existing and
novel antimicrobial agents (i.e., biocides) for preservation of reverse osmosis membrane
elements used in the ROWPU systems and to determine the feasibility for biocide
testing and performance evaluation. These objectives were met and will provide an
excellent foundation for follow-on Phase Il work; the latter would be considerably miore
thorough and extensive.

The program focused on Fluid Systems and Filmtec thin-film composite membranes
currently used in all the armed services ROWPU units. The candidate biocides selected
for evaluation were based on their reported disinfection activities, known or suspected
effects on reverse osmosis membrane integrity and performance, safety and
environmental properties, chemical stability and shelf life, ease of handling, commercial
availability and cost.

In total, sixteen candidate chemical biocide systems were evaluated at various exposure
levels for biocidal effectiveness and for possible adverse effects on the transport
properties of both membrane types. Several of the candidate biocide systems,
particularly the ethylenediaminetetraacetic acid based systems, met all the objectives
required for a biocide. That is, exert no effect on the transport properties of either
membrane, chemically stable for a long shelf life, commercially available in solid form at
low cost, non-toxic to humans, and environmentally acceptable. Also included among
the chemical biocides, as a standard for comparison, were several commercial biocide
systems. None of these systems met all of the objectives.

Gamma irradiation was also evaluated. In order to establish a sterilizing dose for the
membranes, it was necessary to balance the radiation tolerance of the membranes
against the dose of radiation considered necessary to establish sterility. It was
demonstrated that the membranes could be radiated as levels required for compiete Kkill
without serious damage to the membranes. This method is particularly attractive for
sterilizing packaged spiral-wound membrane elements , soon after manufacture, for
long-term storage by the armed services. Further, it would be possible to radiate the
elements in the pre<ence of a suitable chemical biocide such as ethylenediamine-
tetraacetic acid. Subsequently, the chemical biocide could be used alone for
sterilization, without gamma irradiation, in the field foliowing ROWPU operations.

Based on the success of this program, it is recommended that development of a biocide

system for ROWPU membrane elements be continued on a follow-on Phase Il program;
the potential for success is excellent.
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6.0 RECOMMENDATIONS

It is recommended that the Phase | feasibility study, described in this report, be
continued. Even though the this program was very brief, i.e. six months, the study
provides and excellent foundation for future development. The recommended
program should be considerably more thorough and extensive and extend the
evaluation of gamma irradiation, chemical biocides and methodologies for element
preservation.

A follow-on program would result in a biocide for the armed services that would protect
spiral-wound membrane elements from microbiological fouling and decomposition
during long-term storage. The biological agents would be environmentally safe and
effective at inactivating microorganisms associated with membrane surfaces without
compromising membrane performance.

An overall strategic for biocide testing and evaluation is illustrated in Figure 5. A list of
"potential biocides” would be compiled based upon information obtained from various
sources, including Phase | resuits. For example, the divalent cation-chelating agents
such as ethylenediaminetetraacetic acid (EDTA) and related chemical analogs appear
to be a very promising group of "potential biocides" for membrane storage
applications. This group, in addition to its normal chelating ability, have been found to
be immune to bacteria or molds and have shown wide uses in foods, medical and
pharmaceutical applications.

An excellent test for rapidly screening potential new biocides for antimicrobial activity
is the swatch ("growth") test which was employed during this program. While simple in
concept and execution (see Figure 6), this cost effective test did provide useful
preliminary information concerning the relative effectiveness of biocidal agents in
suppressing microbial growth of reverse osmosis biofilm bacteria. Thus, this test
would be retained in a follow-on development program.

A second biocide screening test is based on the application of a recently discovered
fluorescent redox dye that can be used to rapidly and directly (i.e., microscopically)
assess the viability of bacteria comprising an attached biofilm ( Figure 7). The dye is
referred to as CTC (cyanditolyl tetrazolium chloride) and has been employed in recent
years in studies of the electron-transport activity of Ehrlich Acsites tumor cells
(Stelimach, 1984: Stellmach and Severin, 1987). Researchers in the Biotechnology
Research Department at the Orange County Water District, Fountain Valley, CA. have
recently employed CTC for determining the metabolic (i.e., repirometric) activity of free-
living (i.e., planktonic) and surface-associated environmental bacteria. Viabie bacteria
are recognized in microscopic preparations by the intracellular deposition of a
fluorescent insoluble CTC-formazan having an emission maximum at approximately
602 nm (excitation wavelength = 402 nm). Significantly, CTC was found to be useful
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for determining cellular viability in biofilms following (formaldehyde) treatment (Figure
8).

Two kinds of reverse osmosis biofiims can be utilized in the CTC screening tests (also
referred to here as the "direct microscopic method"). First, strips of previously
biofouled reverse osmosis membranes are place in different biocide dilutions for
various periods of time ("contact time"). Following exposure to the biocide, the strips
are rinsed briefly in a dilute phosphate buffer solution and transferred to a nutrient-
amended CTC solution for staining, after which red-fluorescent (i.e., actively respiring)
bacteria can be enumerated microscopically using ultra-violet optics.

In an alternative approach, glass microscope slides can be coated with ultrathin films
of polymer of which the membrane is composed, i.e., cellulose acetate or polyamide
thin-film composite membranes( see Figure 7). The polymer coated slide are placed
in a pH-buffered flow stream (recirculated) containing specific fouling bacteria (or a
microbial consortium) and a surface biofilm allowed 1o form. The length of time
allowed for biofilm formation ranges from several hours to several days depending on
the biofilm thickness required. The slides are then exposed to biocide dilutions for
various times, rinsed, stained with CTC to mark remaining viable bacteria and finally
examined microscopically. The DNA-binding fluorochrome 2,4, diamidino-2-
phenylindole (DAIP; Coleman, 1980; Porter and Feig, 1980) can also be used to
counterstain the CTC-treated slides so that the "total"bacterial numbers can be
quantified in the same preparations used to count viable bacteria. Using this
technique, it is possible to directly enumerate not only viable (i.e., red-fluorescing
respiring) bacteria, but also non-viable (blue-fluorescing) cells. Biocide effectiveness
can then be expressed in terms of the percentage inactivation on a biofilm population.

In addition to chemical biocides, gamma irradiation appears very promising both alone
and in combination with a chemical biocide. Gamma irradiation looks particularly
promising for long-term storage. That is, sterilization of the element in it's storage
container immediately after being manufactured. Gamma irradiation of membrane
samples, and spiral-wound elements, should be used in conjunction with free radical
scavengers to minimize membrane damage. This would allow higher radiation doses
which are more effective in killing bacteria. The premise is that the membrane
manufacturers would irradiate elements in the presence of a suitable biocide for the
long-term element storage by the military. In addition, this biocide would be used in
the field for sterilization of the elements following ROWPU operation.
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BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: _FLUID SYSTEMS TEST # _ 94

ELEMENT # _3728(SAME ELEMENT, NEW CUT)
MEMBRANE SHEET # 328-22

MEMBRANE I.D. # _37128-44

EST DATA BEFORE GAMMA IRRADIATION

TEST DATE: [0/ 3/ 91 START TIME: 1345
PRESSURE: Bo0 psi FINISH TIME: 14945
FLOW RATE: D8 gpm ELAPSED TIME: 1.0 hr.
TEMPERATURE: 3235 C COLLECTION TIME:_ 5.0 min.
FEED CONDUCTIVITY: &QO20  umhos
FEED pH: 18 DATA TAKEN BY:__ K T=
CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)
1 1 .0 120 x 183 =21.9%x 0124 = 189 120 987

2 3 Lol .22 x 18.3 =22.33x o124 (2.2 A0 R.1

3 5 L8 L3 x183=248%0124 18.0 50 R
ave. Jed. $o22. 92.0

DATA AFTER GAMMA IRRADIATION

RADIATION DATE:___/___/ 91

RADIATION LEVEL: MRADS BUFFER: pH:

TEST DATE:(Q//M/ 91 START TIME: 1410

PRESSURE: £00 psi FINISH TIME: 510

FLOW RATE: 0.9 gpm ELAPSED TIME: If br.

TEMPERATURE: 22 C COLLECTION TIME: o) min.

FEED CONDUCTIVITY:GO, OO0 umhos

FEED pH: 7.8 DATA TAKEN By:_ K. T

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umbhos) (%)

1 : 02 104x183=13.03x0%5 = 145 20 988
2 s (b4 128x183=224x0%5= 111 8B 81
3 6 LS5 1L20x183=23DPx0X5 = _182 T70. 81

AVG. el el 281




BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: _FLUID SYSTEMS TEST # __ 45

ELEMENT # 2728(sAME gLEMENTNEW COT)
MEMBRANE SHEET # _3728-23
MEMBRANE 1.D. # __3728-45

A T DAT R AM IRRADIATION
TEST DATE: _Loﬁz%_/ 91 START TIME: 1220
PRESSURE: psi FINISH TIME: __ 320
FLOW RATE: 0.0 gpm ELAPSED TIME: 1.0 hr.
TEMPERATURE: 333 C COLLECTION TIME:__A.0D min.
FEED CONDUCTIVITY: chm umhos
FEED pH: 1l DATA TAKEN BY:
CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION

CORR. CORR. (umhos) (%)

1 1 S L2 x183=25x0738 = Wl = 490 992
2 3 52 104 x183=9083x0738 = 40 510 2 P4
3 s 52  L04 x183=1203x0738 140 O 9.0

ave. 144 oo 2.0

B T DATA AFTER GAMMA TRRADIATION

RADIATION DATE:___/__/ 91

RADIATION LEVEL: MRADS BUFFER: pH:

TEST DATE:[0/14/ 91 START TIME: __ {040

PRESSURE: 800 psi FINISH TIME: __ 40

FLOW RATE: Q.(eb gpm ELAPSED TIME: 1£ hr.

TEMPERATURE: 3.5 (o COLLECTION TIME:_ 5.0 min.

FEED CONDUCTIVITY:@Q,Q00 umhos

FEED pH: DATA TAKEN BY:__KT

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 2 50 100 x183=123%0180 = 4.3 220 988
2 4  lob 122 x183=4l6x0180=- JRAB  BBO 9B5S
3 ¢ (3 1238 x183=2525x0180 = 197 HoOo 982

avg. -lde... 202 %45




BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: __FLQID SYSTEMS TEST # _4b

ELEMENT # _2728 (SAME ELEMENT, NEW CUT)
MEMBRANE SHEET # 3x728-24

MEMBRANE 1.D. # _ 2712@-4b

CONTROL MEMBRANE TEST DATA BEFORE BIOCIDE EXPOSURE

TEST DATE: %/ 91 START TIME: [5Qg

PRESSURE! psi FINISH TIME: [0

FLOW RATE: D2 gpm ELAPSED TIME: L.O hr.

TEMPERATURE: oY) C COLLECTION TIME: %) min.

FEED CONDUCTIVITY: (0 OO0 umhos :

FEED pH: Zle ' DATA TAKEN BY:

CELL SAMPLE MLS MLS / MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 1 57 L14 x 183 =2086x 0.738 15.4 530 9.1
2 3 A2 104 x183=[90%3x 0738 140 390 2.3

3 5 L2 @ LMAxi3=229x0728 = ol 520 9.1
ave. 84 48Q 992

GAMMA RADIATION
MEMBRANE TEST DATA AFTER“BIOEHE EXPOSURE

BrocipE:____N/A conc.:_NJA _____BUFFER:__NJA pH: N [A

IMMERSION IN BIOCIDE: — /= / 91 REMOVAL FROM BIOCIDE:= /=/91

TOTAL TIME IN BIOCIDE: DAYS .

TEST DATE:|0/14/ 91 START TIME: 1220

PRESSURE: 00 psi FINISH TIME: 1320

FLOW RATE: ___ Q.08 gpm ELAPSED TIME: 1.O hr.

TEMPERATURE: 22 C COLLECTION TIME: _ 5,0 min.

FEED CONDUCTIVITY:&m_umhos

FEED pH: 1.8 DATA TAKEN BY:__ K. T.

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 2 5 130x183=23Px0oMe5 = _182 960 284
2 4  fodo 1Blx133=24x075 - 185 = _gco 987 -
3 6 12 144 x183 =235 0765 = _20. 1100 9

VG. -.18.'..9.- .3.55. .35.-

=N




BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: _FLyiD SYSTEMS TEST # _5I -
ELEMENT # _ 3729

MEMBRANE SHEET # _3128-29
MEMBRANE LD. # __3728 -5t

TROL MBRA T DATA BEFORE GAMMA IRRADIATION
TEST DATE: % 91 START TIME: _ 20
PRESSURE: psi FINISH TIME: 1125
FLOW RATE: O.lo5 gpm ELAPSED TIME: 1.0 br.
TEMPERATURE: 205 C COLLECTION TIME: __ 5.0 min.
FEED CONDUCTIVITY: (2,000 _umbhos
FEED pH: 2.45 DATA TAKEN BY: A V.D.L,
CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD  COND. REJECTION

CORR. CORR. (umbhos) (%)

1 1 57 14 x183-28x0810 = 19 200 989
2 3 86  AIZ x183=2050x Q.50 delo (O < 289
3 5 B 102 x183=1861x080 = 164 « 40D 222

ave. JoZ. el kR0

MEMBRANE TEST DATA AFTER GAMMA IRRADIATION

RADIATION DATE:___/___/ 91

RADIATION LEVEL:__2.5 _ MRADS BUFFER: pH:

TEST DATE:Jl/ 1/ 91 START TIME: /gzg

PRESSURE: 200 psi FINISH TIME:

FLOW RATE: 0.0 gpm ELAPSED TIME: 1.O br.

TEMPERATURE: __ 29 C COLLECTION TIME:___ 5.0 min.

FEED CONDUCTIV]TY:QQ,QQD umhos

FEED pH: 1.5 DATA TAKEN BY:

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 2 Bl LIZ x183=2050x0857 = 11L& 280 984
2 4 b2 12 x183=0bx0851 = 19.8 20 281
3 6 12 VA4 x 183 =%35x 0857 = (22.) Q2D 2 —

Avg. 182 B B4
( ) = QUANT\TY NOT INCLUDED IN THE AVERAGE.




BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: EL0D SYSTEMS TEST # _&53

ELEMENT # _3728
MEMBRANE SHEET # _3722 -3
MEMBRANE L.D. # __3728-532

TROL BRANE DATA BEFORE MMA IRRADIATION
TEST DATE: [Q/ 7/ 91 START TIME: 215
PRESSURE: L2000 psi FINISH TIME: 4(s
FLOW RATE: DOB gpm ELAPSED TIME: LO hr.
TEMPERATURE: 22 C COLLECTION TIME: __&5.0 min.
FEED CONDUCTIVITY: &OQOXD umhos
FEED pH: 1.45 DATA TAKEN BY:__A.V.D.L.
CELL SAMPLE MLS MLS / MIN AREA TEMP. GFD COND. REJECTION

CORR. CORR. (umbhos) (%)

1 1 25 125 x183=2281x015 = J15H = _B0D 221
2 3 b3 1l x 183 =2L.23x O UA = 1.2 (20 20
2L 14Z x183=25Px 0765 = 1929 IO > 2% )

ave. J12. 1220 e

EMBRANE TEST DATA AFTER GAMMA IRRADIATI

W
W

RADIATION DATE: / 91

—

RADIATION LEVEL: 2.5 MRADS BUFFER: pH:

TEST DATE:ll/l/ 91 START TIME:___ Q300

PRESSURE: 700 psi FINISH TIME: OO0

FLOW RATE: Q.70 gpm ELAPSED TIME: hr.

TEMPERATURE: 28 C COLLECTION TIME:__S5.0 min.

FEED CONDUCTIVITY: 20YD  umhos

FEED pH:___7.5 DATA TAKEN BY:

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 2 1.5 — x183=z — x ——m = — 1200

2 4 59 L@ x1s3=Umnese = 122 2 B 9Bo

3 6 02 174 x 183 =2249x Q80 = _202 820 9B8.L

ave. 121 820 9%4.




BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: _ELUID SYSTEMS TEST # __54

ELEMENT # _3728

MEMBRANE SHEET # _z7228-32
MEMBRANE L1.D. # 23728 -54

AN TA BEFORE IRRADIATION
TEST DATE: [0/ 7 / 91 START TIME:
PRESSURE: 800 psi FINISH TIME: 520
FLOW RATE: Q.%Q gpm ELAPSED TIME: 1.0 hr.
TEMPERATURE: C COLLECTION TIME:___ Q.0 min.
FEED CONDUCTIVITY: (8} XD _umhos
FEED pH: Z.45 DATA TAKEN BY:__ KT
CELL SAMPLE MLS MLS / MIN AREA TEMP. GFD COND. REJECTION

CORR. CORR. (umhos) (%)

1 1 21 L8 x183=259x 05 = 5 50 A8
2 3 4 101 x183=1958x .75 = 150 £X0. 89

3 s B85 138x183=2525075 = 122 540 W Al
AvG. 2. 523 220

T DAT R GA A TRRADIATION
RADIATION DATE:___/__/ 91
RADIATION LEVEL:_2.5 MRADS BUFFER: pH:
TEST DATE:[Q/3)/ 91 START TIME: 5%%
PRESSURE: 200 psi FINISH TIME:
FLOW RATE: 0.1 gpm ELAPSED TIME: 1.0 hr.
TEMPERATURE: 3 C COLLECTION TIME:__%.0 min.
FEED CONDUCTIVITY: O, O(XD umhos
FEED pH: 72 DATA TAKEN BY:
CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION

CORR. CORR. (umhos) (%)

1 2 73  14b x 183 =2%2x 0135 = _21.2 B0 98.
2 4 LS 12D x183=22Bx0B5 = 189 B0 98BS
3 6 22 — x183=— x — = —— 1050 —_




BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: _EFLUID SYSTEMS TEST # _58
ELEMENT # 2728

MEMBRANE SHEET # 37128-3(
MEMBRANE L1.D. # _3728-58

T D BEF RRADIATION
TEST DATE: [0/ 8/ 91 START TIME: 2
PRESSURE: 200 psi FINISH TIME: %
FLOW RATE: JoX7Y-} gpm ELAPSED TIME: (.0 hr.
TEMPERATURE: 22 S C COLLECTION TIME:___A~.0 min.
FEED CONDUCTIVITY: &} OC> _ umbhos
FEED pH: __7.4 DATA TAKEN BY:__ K, T,
CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)
1 1 82  Ldx183=30nIx 03752 = 22k  _840 Be
2 3 Bl 162 x183=266x 0152 = 223 100 89
3 5 ¢ 152 x183=218xp035 = 23 00 285
avG. -2L2.. 8l3. 2B
MEMBRANE TEST DATA AFTER GAMMA IRRADIATION
RADIATION DATE:___/__/ 91
RADIATION LEVEL:__2,l MRADS BUFFER: pH:
TEST DATE:1l/18/ 91 START TIME:___|050
PRESSURE: 800 psi FINISH TIME:___J[50
FLOW RATE: 0.L° gpm ELAPSED TIME: LO hr.
TEMPERATURE: ___ 28.5 C COLLECTION TIME:_ 4.0 min.
FEED CONDUCTIVITY: 58,000 umbhos
FEED pH: DATA TAKEN BY:_AV.D.L,
CELL SAMPLE MLS MLSMIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 2 R3 Lbl x183=3036x 0813 = _26.5 19c0 201
2 4 Bl 162 x183=2065x0813 = 259 1500 224
3 6 B0 10 x183=2928x0813 = 25 {1c0 /AN




BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: FLUID SYSTEMS TEST # _59
ELEMENT # 2128
MEMBRANE SHEET # _2728 - 317
MEMBRANE 1.D. # __2128-59

TEST DATE: [O0/ 8/ 91 START TIME: 1420

PRESSURE: 200 psi FINISH TIME: 1”820

FLOW RATE: 0.7 gpm ELAPSED TIME: 1.0 hr.

TEMPERATURE: 32 C COLLECTION TIME: ___ 5.0 min.

FEED CONDUCTIVITY: %[,OOQ umhos

FEED pH: 74 DATA TAKEN BY:__ K T.

CELL SAMPLE MLS MLS / MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 1 19  15B x183=2891x07365 = 221 0 382
2 3 90 1E0x183=22%koI5 = 252 15© @ 98%
3 5 B8O LLOx183=22x0765 = 224 SO 282

Ave. 222 .15Q 8.8

MEMBRANE TEST DATA AFTER GAMMA IRRADIATION

RADIATION DATE:__/__/ 91

RADIATION LEVEL:_________MRADS BUFFER: pH:

TEST DATE:[{/(&/ 91 START TIME: (300

PRESSURE: 8o psi FINISH TIME: __ /400

FLOW RATE: D712 gpm ELAPSED TIME: L.O br.

TEMPERATURE: ___ 28 C COLLECTION TIME: __ 5.0 min.

FEED CONDUCTIVITY: S8, QX0 umhos

FEED pH:____7.9 DATA TAKEN BY:___K.1,

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umbhos) (%)

1 2 88 116 x183=221x080 = 282 o .2
2 4 84 162 x183=006x020 = 24 1700 911 _
3 6 L 124 x183=2452x 080 = 2.8 1400 e

AVG. -22.4p.. 1561 Ra.




BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: FLUID SYSTEMS TEST # __&0
ELEMENT # 3728

MEMBRANE SHEET # _37128-~38
MEMBRANE L.D. # ___ 3928-60

A T R IRRA
TEST DATE: [0/8 / 91 START TIME: 1540
PRESSURE: 800 psi FINISH TIME: {
FLOW RATE: 0.7 gpm ELAPSED TIME: Ne) hr.
TEMPERATURE: a0 C COLLECTION TIME:___A.0 min.
FEED CONDUCTIVITY: (] OCZ> umhos
FEED pH: 7.5 DATA TAKEN BY:__ K T
CELL SAMPLE MLS MLS / MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 1 1l 1.:52 x 18.3 = 27.8x A 825
2 3 84 168 x183=3DMx0825 254 820 8BS
3 5 84 L8 x183=307Mx0825 254 g0 B

Ave. 2. 211 288

RANE TEST DATA AFTE AMMA IRRADIATION

2292 280 985

RADIATION DATE:___/___/ 91

RADIATION LEVEL: MRADS BUFFER: pH:

TEST DATE:[l/I& 91 START TIME:__ [42

PRESSURE: 8o psi FINISH TIME: __ |52

FLOW RATE: ___Q;xa____gpm ELAPSED TIME: 1.0 br.

TEMPERATURE: COLLECTION TIME: __&.0O min.

FEED CONDUCTIVITY: 5a,gm umhos

FEED pH: 7.8 DATA TAKEN BY:__ K, T

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umbhos) (%)

1 : 858 1LI0x183=3lLUx0925 - 288 18O X3
2 4 B4  LLBx183-Mx0F5- 284 180 X3S
3 ¢ 118 150 x183=20550925 = o4 100 922

ave. -Z£1.2. 1223 1L




BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: _FLUID SYSTEMS TEST # _¢e4
ELEMENT # _se2730

MEMBRANE SHEET # _3720-4
MEMBRANE LD. # _3130-¢.

TEST DATE: (0D/ 21/ 91 START TIME:

PRESSURE: 800 psi FINISH TIME: 1000

FLOW RATE: Q.02 gpm ELAPSED TIME: LD hr.

TEMPERATURE: _290 C COLLECTION TIME: 5.0 min.

FEED CONDUCTIVITY: 53,@:,2 umbhos

FEED pH: Z8 DATA TAKEN BY:_AV.D L.

CELL SAMPLE MLS MLS / MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umbhos) (%)

1 1 592 LB x183=259x0857
2 3 Ll 122 x183=23%0867 = (2] 920 934
3 s L4 128 x183 =234% Q857 24 BlO 8ée

ave. -l22. .823 285

A A AFT MA _IRRADIAT

B85 950 984

RADIATION DATE:__/__/ 91

RADIATION LEVEL:__[,{p MRADS BUFFER: pH:

TEST DATE:_ll/19/ 91 START TIME: 1205

PRESSURE: J2'0'®) psi FINISH TIME: L3O

FLOW RATE: 03 gpm ELAPSED TIME: LO br.

TEMPERATURE: 225 C COLLECTION TIME: 5.0 min.

FEED CONDUCTIVITY: 58,000  umbos

FEED pH: __ 8.0 DATA TAKEN BY:__ K T.

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umbhos) (%)

1 2 2 13l x183=48x0Nl5= 226 4200 2297
2 ¢ 1D L4 x183=012x0%75= 242 = 400 9L
3 ¢ 29 138 x183=2525xQWIS= 229 1200 912

AvG. 222, 12c0 2LE.




BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: _FLUID SYSTEMS TEST # __65

ELEMENT # __SE 2720
MEMBRANE SHEET # 3730-5

MEMBRANE I.D. # __37120-6¢5

E RRADIATION
TEST DATE: | L/ 91 START TIME: 1020
PRESSURE: psi FINISH TIME: 1130
FLOW RATE: N2 gpm ELAPSED TIME: 1O hr.
TEMPERATURE: C COLLECTION TIME:___A5.0 min.
FEED CONDUCTIVITY: umhos
FEED pH: 1.0 DATA TAKEN BY:_AVD.L.
CELL SAMPLE MLS MLS / MIN AREA TEMP. GFD COND. REJECTION

CORR. CORR. (umbos) (%)

1 1 B9 L8 x 183 =21.5%x p24l
2 3 43 08 x183=1524x0841 132 420 B3

3 5 5.8 Ll x183=223x 084 119 520 2.
ave. Je4. 8530 .99.Q

180 2o BBoe

A MA IRRADIAT
RADIATION DATE:___/__/ 91
RADIATION LEVEL:_[.{lo  MRADS BUFFER: pH:
TEST DATE:/l /Y 91 START TIME: rogg
PRESSURE: 800 psi FINISH TIME: ]
FLOW RATE: n.70 gpm ELAPSED TIME: 1L.O hr.
TEMPERATURE: 271 C COLLECTION TIME: _ 5.0 min.
FEED CONDUCTIVITY:_857 OO0 umhos
FEED pH:__ 24 DATA TAKEN BY:__ K. T.
CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION

CORR. CORR. (umhos) (%)

1 2 47 094 x183=1720x QN5 = 189 240 223
2 4 L5 120 x183=23DxQ925 = 220 X0 224
3 ¢ 55  LID x183=013x0R5 = _18.6 80 8.6

ave. 82, 83 98.4.




BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: _ FLUID SYSTEMS TEST # __{1

ELEMENT # __sg 31320
MEMBRANE SHEET # _3130-7
MEMBRANE L.D. # __3730-61

T B R MA_IRRAD ION
TEST DATE: [0/ 21/ 91 START TIME: L%IS
PRESSURE: BOO  psi FINISH TIME: 1413
FLOW RATE: 010 gpm ELAPSED TIME: 1.0 br.
TEMPERATURE: Y] C COLLECTION TIME:__ 5.0 min.
FEED CONDUCTIVITY: S8 OO0 umhos
FEED pH: 1.& DATA TAKEN BY:
CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND.  REJECTION

CORR. CORR. (umhos) (%)

1 1 L4 128 x183=2342x0195 = _I18L 8O @ BS
2 3 L4 128 x 183 =2342x O.T35 12 _T110 81
3 s £33 126 x 183 =230k 0.795 A2 a0 280

AvG. J2& 222 2Bte

E TA A AMMA IRRADIATION

RADIATION DATE:___/___/ 91

RADIATION LEVEL: [l MRADS BUFFER: pH:

TEST DATE:{}/{9/ 91 START TIME: /325

PRESSURE: 20 psi FINISH TIME:__[425

FLOW RATE: DD gpm ELAPSED TIME: 1.0 hr.

TEMPERATURE: 28 C COLLECTION TIME:___5.0 min.

FEED CONDUCTIVITY: 58,000 _umhos

FEED pH: 80 DATA TAKEN BY:__KT-

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umbhos) (%)

1 2 fole 132 x183=2415x08 = 215 1200 9
2 s Z2 1M x183-23%080=- 235 « 1200 3
3 3 21 141 x183=259:080= 231 1400 27

AVG. 221 12 912




BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: FILMTEC TEST # _ 44
ELEMENT # _AI318722(2.5"ELEMENT)

MEMBRANE SHEET # _g8122-14T

MEMBRANE LD. # _g722-44

TEST DATE: _2/30/ 91 START TIME: ___%j%

PRESSURE: 800 psi FINISH TIME: {

FLOW RATE: 0.8 gpm ELAPSED TIME: 1-0 hr.

TEMPERATURE: 3D C COLLECTION TIME: 50 min.

FEED CONDUCTIVITY: (%O,000 umhos

FEED pH: wA/3 DATA TAKEN BY: AV.D.L.

CELL SAMPLE MLS MLS / MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 1 1B 156 x 183 =2855 D840 240 560 201
2 3 83 bbb x 183 =303k 0840 255 480 22
3 5 8.2 L.b4 x 18.3 =20.0Ix 4840 252 &20 920

ave. 24.2. h53 Q9.4
E TEST DAT ER A IRRADIATION

RADIATION DATE:___/__/ 91

RADIATION LEVEL:________MRADS BUFFER: pH:
TEST DATE:10/14/ 91 START TIME:____ (0920
PRESSURE: 800 psi FINISH TIME: 1020
FLOW RATE:___0.0L9 —_gpm ELAPSED TIME: [X o) hr.
TEMPERATURE:___3/ C COLLECTION TIME:__5.0 min.
FEED CONDUCTIVITY: 0,000 umhos
FEED pH: 18 DATA TAKEN BY:_ K, T.
CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)
1 2 56 10 x 183 =2013x 0860 = 113 420 923
2 4 5.3 IDbxi183=Rd40x0860 = o7 450 293

3 ¢ 53 1ok x183=1940x080 = 7 <~ 480 222
AVG. .-1‘2!.9.-. ..ﬂ.5..3. .9-2;3..




BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: FiLMTEC TEST # _45

ELEMENT # Al318122 (2.5" ELEMENT)
MEMBRANE SHEET # _ 8722 - 146

MEMBRANE L.D. # £122-45

N DATA B R AM RRADIATION
TEST DATE: 9/ 30/ 91 START TIME: 1330
PRESSURE: 800 psi FINISH TIME: 1430
FLOW RATE: .70 gpm ELAPSED TIME: LO hr.
TEMPERATURE: EX) C COLLECTION TIME:__S5.0 min.
FEED CONDUCTIVITY: &0.O0X> umhos
FEED pH: 2.6 DATA TAKEN BY: AY.D.L.
CELL SAMPLE MLS MLS /MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umbhos) (%)
1 1 8.2 1.4 x 183 = 300Ix 0.840 = 282 410 9%.0
2 3 83  1bb x183=3036x 0R40 = 255 440 293
3 s A2 1e4x183=3001x040 = 252 480 D2

AVG. 222  _3l0. 99.2

MEMBRANE TEST DATA AFTER GAMMA IRRADIATION

RADIATION DATE:__/__/ 91

RADIATION LEVEL: MRADS BUFFER: pH:

TEST DATE:]Q/14 91 START TIME:___ |526

PRESSURE: 00 psi FINISH TIME:___ |lo25

FLOW RATE: QL8 gpm ELAPSED TIME: 1.0 hr.

TEMPERATURE: __ 3] C COLLECTION TIME:__5.0 min.

FEED CONDUCTIVITY: oN,0CO  umbos

FEED pH: 2.8 DATA TAKEN BY:__ K.T.

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umbhos) (%)

1 2 B8 Ll xi83=223x 0860 = D3 20 988

2 4 57 L4 x183=2208xo8p= 112 = LSO _383

3 3 54 108 x183=1976x 080 = _|1.0 530 9.1

AVG. ML L33 2832




BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: EFILMTEC TEST # _46_

ELEMENT # _Al218722 (2.6" ELEMENT)
MEMBRANE SHEET # _g8722-15T

MEMBRANE 1.D. # ___8722-46

T BEFOR M IRRADIATION
TEST DATE: _Qéaa/ 91 START TIME: 1450
PRESSURE: o0 psi FINISH TIME: 1620
FLOW RATE: 0.7 gpm ELAPSED TIME: L5 hr.
TEMPERATURE: 33 C COLLECTION TIME:__5.0 min.
FEED CONDUCTIVITY: GO0nO umhos
FEED pH: /) DATA TAKEN BY:___K T,
CELL SAMPLE MLS MLS/ MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)
1 1 83 Leé x 183 = 3038 0840 = 255 110 261

2 3 85 LJ0 x183=3L1lx 0840 = 2.1 20 P4
3 5 712 156 x183=28x0840 = 243 2 580 .0
AVG. -22:3. B0, 220

ET ATA AMMA IRRADIATION

RADIATION DATE:___/___/ 91

RADIATION LEVEL: MRADS BUFFER: pH:
TEST DATE:)Q//9 91 START TIME: _ 0825
PRESSURE: 00 psi FINISH TIME: 0925
FLOW RATE: 0.2 gpm ELAPSED TIME: LO hr.
TEMPERATURE:__ 3] C COLLECTION TIME: S.0 min.
FEED CONDUCTIVITY: (cQ X0 umhos
FEED pH: 2.lo DATA TAKEN BY:__K.T
CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)
1 2 54 102 x 183 = Plex 0.80= _|1.0 550 AR
2 4 523 (0 x183=[940x080= 1.7 J00 .25

3 6 48 DX x 183 =]151x0860 = _I5./ 410 93
AvG. Jé3.. 553 2.l




BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: _FILNTEC TEST # _53

ELEMENT # A3 722
MEMBRANE SHEET # 8722 - 20
MEMBRANE L.D. # R7122-53

E TA F AMMA IRRADIATI
TEST DATE: _0/10/ 91 START TIME: 410
PRESSURE: 800 psi FINISH TIME: 1510
FLOW RATE: 0.7 gpm ELAPSED TIME: LO hr.
TEMPERATURE: 22 C COLLECTION TIME: __ 5.0 min.
FEED CONDUCTIVITY: (Gl OOCQ umhos
FEED pH: 1.4 DATA TAKEN BY:__ K 7T
CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION

CORR. CORR. (umhos) (%)

1 1 13 L4ex183=2602x 0205
2 3 22 144x183=2%3%oms = 200 540 0 9.0

3 5 .J_’Q _Lﬂg x 18.3 = 25.62x 0. K5 li o m 2&5
AvG. 2020  LQ1. 290

24 540 Bl

D AMMA IRRADIATION
RADIATION DATE:__/__/ 91
RADIATION LEVEL:_2.5 MRADS BUFFER: pH:
TEST DATE:(l/] / 91 START TIME: __ 350
PRESSURE: [200) psi FINISH TIME:___ (450
FLOW RATE: ___Q.:Q_______gpm ELAPSED TIME: LO hr.
TEMPERATURE: 22 COLLECTION TIME:__ 5.0 min.
FEED CONDUCTIVITY: _l&_%?__umhos
FEED pH: 1.5 DATA TAKEN BY:
CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umbos) (%)
1 2 64 1.28 x 183 =2342x 0880 = 20.¢ T30 283
2 4 fod 122 x183=222x Q880 = 1277 840 2.
3 6 L 122 x 183 =24.15x 0880 = 21.3 120 98 K

AVG. -282:5.. 183, 284.




BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: _EILMTEC TEST # 54
ELEMENT # _Al3I87122

MEMBRANE SHEET # __8722-2|
MEMBRANE 1.D. # 8722-54

RANE TEST DATA MMA IRRADIATION
TEST DATE: 0/ 10/ 91 START TIME: 1535
PRESSURE: 8CO psi FINISH TIME: 136
FLOW RATE: O. (0 gpm ELAPSED TIME: L0 hr.
TEMPERATURE: 22 C COLLECTION TIME:__ 5.0 min.
FEED CONDUCTIVITY: (o}, ONO umhos
FEED pH: 7.4 DATA TAKEN BY: _ KT
CELL SAMPLE MLS MLS / MIN AREA TEMP. GFD COND. REJECTION

CORR. CORR. (umhos) (%)

1 1 15 150 x 183 = 214% Q5 = 2.0 &40 986
2 3 14 L42 x 183 = 259« 06 122 300 289

3 5 13 14lo x 18.3 = 2T2x 0.5 20.4 58D 29.0
AvG. 204 Q7. 288

MEMBRANE TEST DATA AFTER GAMMA IRRADIATION

RADIATION DATE:__/___/ 91

RADIATION LEVEL:_2.5 _ MRADS BUFFER: pH:

TEST DATE:Jl/ 1/ 91 START TIME: 518

PRESSURE: BCD psi FINISH TIME: o8

FLOW RATE: 0,70 gpm ELAPSED TIME: 1-25 hr.

TEMPERATURE: 29 C COLLECTION TIME:___ 7.0 min.

FEED CONDUCTIVITY: Q0 000 umhos

FEED pH: 1.5 DATA TAKEN BY:

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 2 92 L3l x183=239Ix0880 = 2! 4go >N
2 4 88 12U x183=230x0880= 203 B0 989
3 3 92 — x183z —x —— = —— 140 _




BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: _FILMTEC TEST # _55

ELEMENT # /129210685
MEMBRANE SHEET #
MEMBRANE I.D. #

21651
2165-55

TROL M BRANE TEST DATA BEFOR AMMA IRRADIATION
TEST DATE: 10/ 1l / 91 START TIME: 0845
PRESSURE: 800 psi FINISH TIME: ___ 0945
FLOW RATE: OL8 gpm ELAPSED TIME: /.0 hr.
TEMPERATURE: 20.5 C COLLECTION TIME:__&.0 min.
FEED CONDUCTIVITY: (2.00C( umhos
FEED pH: 71 DATA TAKEN BY:__K.T-
CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND.  REJECTION
CORR. CORR. (umhos) (%)
1 1 719 158 x183=229x 08I0 = (234 (@50 ——
2 3 2.2 154 x 183 =2818x Q.80 = 22.8 K30 99,1
3 5 1.l 152 x 183 =2182x 0.8l0 = 225 510 99.2
ave. .22.7 520 9.4

MEMBRANE TEST DATA AFTER GAMMA IRRADIATION
RADIATION DATE:___/___/ 91

RADIATION LEVEL:_2.5 _MRADS BUFFER: pH:

TEST DATE:[{/4/ 91

START TIME:__N9%40

PRESSURE: jo'®®) psi FINISH TIME: 1040
FLOW RATE: o170 gpm ELAPSED TIME: LO hr.
TEMPERATURE: 30 C COLLECTION TIME: A0 min.
FEED CONDUCT!VITY:_{SZ_QQQ__umhos
FEED pH: 19 DATA TAKEN BY:
CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umbos) (%)

1 : 4 (28 x183=2342x0g0 = 204 L8O 282

2 4 3 12 x183=2306x0810 = 201 200 8.8

3 6 bl 132 x183=AlxQR10 = _21.0 580 N0

AVG. 225 N-o%e) 283.

( ) = QUANTITY NOT INCLUDED IN THE AVERAGE.




BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: _F|LMTEC TEST # _59

ELEMENT # _A4i392165
MEMBRANE SHEET # _2(65-5
MEMBRANE 1.D. # __ 2165-59

CONTROL MEMBRANE TEST DATA BEFORE GAMMA IRRADIATION

TEST DATE: [0/ 15/ 91 START TIME: 1140 _
PRESSURE: 800  nsi FINISH TIME: 1240
FLOW RATE: D% gpm ELAPSED TIME: 1.0 hr.
TEMPERATURE: 22 C COLLECTION TIME:___5.0 min.
FEED CONDUCTIVITY: &O,000 _umhos
FEED pH: 7. DATA TAKEN BY:__ KT
CELL SAMPLE MLS MLS / MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)
1 1 L8 L2 x183=248x0850 = 2.1 290 223

2 3 10 140 x183=2562xQ860 = 2.8 310 994

3 5 20 1.40 x 18.3 =25.62x 0.850 21.8 50 99.1
AvG. ZLé 440. 22.

MEMBRANE TEST DATA AFTER GAMMA TRRADIATION

RADIATION DATE: __/__/ 91

RADIATION LEVEL:__ 2} MRADS BUFFER: pH:

TEST DATE:]l/Ig/ 91 START TIME: 0920

PRESSURE: axr psi FINISH TIME: 1020

FLOW RATE: 0.0 gpm ELAPSED TIME: 1.0 hr.

TEMPERATURE: 28.5 c COLLECTION TIME:___A,D min.

FEED CONDUCTIVITY: 88,000 umbos

FEED pH: A.0 DATA TAKEN BY:__ KT.

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 2 55  LIO x183=20I3x0895 = _{8.0 80 921
2 4 549 LOB x183=RBIx05= 117 &0 958
3 6 54 108 x183=1972x08% = 117 140 983

AVG. 1. 130, 221




BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: FILMTEC TEST # (O

ELEMENT # __A(392(65
MEMBRANE SHEET # _265 -

MEMBRANE 1.D. # __2165-(0

NTROL MEMBRANE TEST DATA BEFORE MMA IRRADIATION

TEST DATE: 10/ %/ 91 START TIME: 1565

PRESSURE: psi FINISH TIME: __/p55

FLOW RATE: 0. Q& gpm ELAPSED TIME: LO br.

TEMPERATURE: COLLECTION TIME: 5.0 min.

FEED CONDUCTIVITY: (QQ,Qm umhos

FEED pH: 7L DATA TAKEN BY:_ K. T.

CELL SAMPLE MLS MLS / MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umbos) (%)

1 1 2.3 14l x 18.3 = 2T2x 0850 221 4i0 RS
2 3 1.3 140 x 183 = 2672x 850 223 300 RE.
3 5 1 142 x 183 =259x 0850 22,1 410 %2

ave. 228 293 2.3

MEMBRANE TEST DATA AFTER GAMMA TRRADIATION

RADIATION DATE:___/__/ 91

0

)

RADIATION LEVEL:__2.0 _MRADS BUFFER: pH:

TEST DATE:{/12/ 91 START TIME: 153

PRESSURE: (=00 psi FINISH TIME: __ [ol5&

FLOW RATE: oza gpm ELAPSED TIME: I¥5) br.

TEMPERATURE: 289 COLLECTION TIME:_&.0O min.

FEED CONDUCTIVITY: ﬁm__umhos

FEED pH: A4 DATA TAKEN BY:

CELL SAMPLE MLS MLSMIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umbos) (%)

1 2 Ll L322 x183=24lx 0895 = 2LLb = O 22.2
2 4 Lo 132 x183=24l6x08%5= 2Ub 520 i
3 6 @8 Lo x183=2482x0895 = 22,3 BlD. A

AvG. -2L9%.. B2 2.




BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: _FILMTEC TEST # __ %!

ELEMENT # _ Al322/65
MEMBRANE SHEET # _2165-7

MEMBRANE 1.D. # __2/65-(l

TROL MEMBRANE TEST DATA BEFORE MMA IRRADIATION

TEST DATE: J0O/22/ 91 START TIME: D820

PRESSURE: 800 psi FINISH TIME: 0330

FLOW RATE: QJQ gpm ELAPSED TIME: 1O br.

TEMPERATURE: COLLECTION TIME:___ A0 min.

FEED CONDUCTIVITY: Lga,cm__umhos

FEED pH: __ 1.4 DATA TAKEN BY:__K.T.

CELL SAMPLE MLS MLS/MIN  AREA TEMP. GFD COND.  REJECTION
CORR. CORR. (umbhos) (%)

1 1 ZI5 150 x183 =214 0.8D
2 3 13 LMo x 183 =2%12x 0870 232 420 9.2
3 5 23 L4 x183=20Rx0870 = 232 HAD Pl

AVG. 224. ..4:&7. R.2

MBRANE TEST DATA AFTER GAMMA IRRADIATION

2252 50 @ R2

RADIATION DATE:__/__/ 91

RADIATION LEVEL: MRADS BUFFER:

TEST DATE:l[/4/ 91 START TIME: 1%

PRESSURE: 8200 psi FINISH TIME: r=]

FLOW RATE: %700 gpm ELAPSED TIME: L.O hr.

TEMPERATURE: C COLLECTION TIME:___ 2.0 _ min.

FEED CONDUCTIVITY: 59,000 umhos

FEED pH: 219 DATA TAKEN BY:

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 2 1e L2 x183=1995%x0810 = 113 50 @ 989
2 4 28 LU x183=203xa0g0= 111 _ 80 281
3 6 19 L13 x1s3=-2WePx0870= 180 8 285

ave. JAd... 72 2.1,




BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: _FILMTEC TEST # __ (4

ELEMENT # __A1392/65
MEMBRANE SHEET # _ 2ie5-i0
MEMBRANE 1.D. # __265-4

ROL ANE T DATA BEFORE A IRRADIATION
TEST DATE: [0/ 22/ 91 START TIME: __%
PRESSURE: 8200 psi FINISH TIME: /
FLOW RATE: 070 gpm ELAPSED TIME: L.O hr.
TEMPERATURE: 215 C COLLECTION TIME:__A5.0 min.
FEED CONDUCTIVITY: (0 OO0 umhos
FEED pH: Z.4 DATA TAKEN BY:_ KT,
CELL SAMPLE MLS MLS / MIN AREA TEMP. GFD COND. REJECTION

CORR. CORR. (umhos) (%)

1 1 LB L3 x183=248% 085 212 350 994
2 3 71 142 x 183 =25.99x 0855 222 20 R4
3 5 L9 138 x 183 = 2525 0.855 20 350 P4

AVG. 2 .&55.. .ﬁi
MEMBRANE TEST DATA AFTER GAMMA IRRADIATION

RADIATION DATE: _ /__/ 91

RADIATION LEVEL:__|.(p  MRADS BUFFER: pH:

TEST DATE:Jl/[9/ 91 START TIME:_ng

PRESSURE: 20,0, psi FINISH TIME: 15585

FLOW RATE: 0.75" “gpm ELAPSED TIME: LO hr.
TEMPERATURE: 217 C COLLECTION TIME:__A5.0 min.
FEED CONDUCTIYITY: 58,Q00 umhos

FEED pH: g.o DATA TAKEN BY:_CGEM.
CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION

CORR. CORR. (umbos) (%)

1 2 58 Ll x183=2.23x039 = 8.5 260_ 994

2 4 89 L1828 x183=2F0x099 = 128 300 9.5

3 6 0O 120 x183=2%x03I9 = _20.2 40 P2

ave. 9.8, 213 i




BIOCIDE STUDY

MEMBRANE TEST DATA
ELEMENT SUPPLIER: __ FILHMTEC

ELEMENT # Al39D 2165

MEMBRANE SHEET # _2(65-12

TEST # b

M NE T DATA BEFORE GAMMA IRRADIATION
TEST DATE: [D/22/ 91 START TIME:
PRESSURE: 800 psi FINISH TIME: le,
FLOW RATE: .70 gpm ELAPSED TIME: 1.0 hr.
TEMPERATURE: 215 C COLLECTION TIME:___5.0 min.
FEED CONDUCTIVITY: Mumhos
FEED pH: 7.4 DATA TAKEN BY:__ KT,
CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)
1 1* 26 152 x183=2782x 0855 = 238 (30 989
2 ¥ 67 124 x183=24H2x 0855 = 2.0 S0 2 P2
3 s Ll 132 x183=Ulbxp865 = 207 420 P2
AvG. 2%, 827 221,
MEMBRANE TEST DATA AFTER GAMMA IRRADIATION
RADIATION DATE:__/___/ 91
RADIATION LEVEL:__[|.(p MRADS BUFFER: pH:
TEST DATE:Jl/20 91 START TIME: (952
PRESSURE: psi FINISH TIME: 1045
FLOW RATE: 0.70 gpm ELAPSED TIME: 1. hr.
TEMPERATURE: _____2( C COLLECTION TIME: A0 min.
FEED CONDUCTIVITY: _5&.OxD umhos
FEED pH: 2.0 DATA TAKEN BY:
CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umbhos) (%)
1 2% 2 124 x183=2246x 0910 = 22,0 iy 70} Sea
2 ¥ 58 Lile x 183 =22% 0970 = 20.[o 520 0.
3 € 57  1J4 x183=2086x 0310 = 202 50 28.92
AVG. -22:7.. Lka2 28.7.

% COMPOSITE OF TESTS 2165-62 ,6%, AND 04 FOR RADIATON STUDY.




BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: _ gl uTEC TEST # __ (&7

ELEMENT # _ A1392i65

MEMBRANE SHEET # _25-12
MEMBRANE 1.D. # 2165 - &1

ET EFORE MMA IRRADIATION
TEST DATE: [0/23/ 91 START TIME: Hio
PRESSURE: 200 psi FINISH TIME: 1210
FLOW RATE: D2 gpm ELAPSED TIME: 1.0 hr.
TEMPERATURE: ___305 ~— C COLLECTION TIME:__ 5.0 min.
FEED CONDUCTIVITY: &O(XXD umhos
FEED pH: Z.2 DATA TAKEN By:__ KT
CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)
1 ¥ 20 140 x 183 = 2542x 0R5 = 22.2 520 99.1

2 3 74 14B x183=2708x 085 = 234 LI0  98B9
3 ¥ 27 154 x183-2818x0865 = 244 D 82
AVG. 232 2% 282

) TEST DATA AFTER MA IRRADIATION

RADIATION DATE:___/__/ 91

RADIATION LEVEL:_/.&» _ MRADS BUFFER: pH:

TEST DATE:ll 20/ 91 START TIME: [QE{?

PRESSURE: 80 psi FINISH TIME: 115

FLOW RATE: 0.70 _gpm ELAPSED TIME: % hr.

TEMPERATURE: 27 C COLLECTION TIME: pa) min.

FEED CONDUCTIVITY:_52,QX0 umhos

FEED pH: 8.0 DATA TAKEN BY:

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 2% 59 118 x183=29x0M0 = 202 (40 = 989

2 X 58 1Mo x183=22%090- 199 < BOO 9846

3 e BL JJZ x 183 =2080x 0940 = _|9.3 X2 98.5
AVG. ..l.?c.&.. .:22@. .%.:1.
¥ COMPOS\TE OF TESTS 210556, 57 AND 5B.




BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER. _FLUID SYSTEMS TEST # I

ELEMENT # 3728
MEMBRANE SHEET # _3728-1T
MEMBRANE L.D. # 3729~

TR EMBRANE TEST DATA BEF RE BI IDE E
TEST DATE: 2/ /2/ 91 START TIME: 0940
PRESSURE: _ £OO psi FINISH TIME: 1040
FLOW RATE: [-X7%) gpm ELAPSED TIME: L hr.
TEMPERATURE: 32 C COLLECTION TIME: S.0 min.
FEED connncnvnv 58,000 umbos
FEED pH: 7.7 "DATA TAKEN BY:__K.T.

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION-
CORR. CORR. (umhos) (%)
1 1 87 |74 x183=31.#4x0820= 2.1 180 98.7
2 3 8.5 1.70 x 183 =3LIl xpg20 = 25.5 20 98.9

3 5 20 L0 x183=329x 0820 270 20 9.7
AvG. -2k:2. .07 g8.2

BRANE TEST DATA AFTER BIOCIDE EXP RE
BIOCIDE: Eamoe " CONC..__0.5% _ BUFFER:HCI/NaHCOS  pH: (6,85 _

IMMERSION IN BIOCIDE: Q /26/ 91 REMOVAL FROM BIOCIDE:j2/2 /91
TOTAL TIME IN BIOCIDE: (67 DAYS
TEST DATE:[2/2/ 91 START TIME: Qozgg
PRESSURE: geco psi FINISH TIME: 103C
FLOW RATE: oY gpm ELAPSED TIME: L.O br.
TEMPERATURE: 2 C COLLECTION TIME:__5 0 min.
FEED CONDUCTIVITY: 56,000 umhos
FEED pH: 7.8 DATA TAKEN BY:_AV.D.L.

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION

CORR. CORR. (umhos) (%)
1 2 — — x183="x " = _— — —

2 4 18 1560x183=2855%0%2 = 225 1800 968
3 6 B 162 x 183 =29.65x Q%2 = _285 100 911
ave. -28:2. 1100 26.9.




BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: __FLUID SYSTEMS TEST # 2

ELEMENT # 3728
MEMBRANE SHEET # __3728-/8
MEMBRANE L.D. # 3728-2

BRA T DATA BEFOR E E
TEST DATE: 2/% 91 START TIME: 1135
PRESSURE: psi FINISH TIME: 1235
FLOW RATE: _0_{23__ gpm ELAPSED TIME: L.O hr.
TEMPERATURE: ) C COLLECTION TIME:___ 4.0 min.
FEED CONDUCTIVITY: 53,@ umhos
FEED pH: _ 7.7 . DATA TAKEN BY:___ K. 7~
CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND.  REJECTION
CORR. CORR. (umbhos) (%)
1 1 .4 1.07 x 183 = |9.%x 0190 = _15.5 350 9.4

2 3 £79  145x183=205%0790 = 209 370 2 B4
3 5 8.2 137x183=2235.0x07% = _12.8 530 99.1
ave. 187 4. 22.3

EMBRANE TEST DATA AFTER BIOCID
Ki .
BrocipE: “CHLORIDE. « CONC..__0.1%  BUFFER:HCI[NaHCOs pm: 13

IMMERSION IN BIOCIDE: Q /26/ 91 REMOVAL FROM BIOCIDE:|2/2/91

TOTAL TIME IN BIOCIDE: DAYS

TEST DATE:l2/2/ 91 START TIME:

PRESSURE:________800 ____ psi FINISH TIME: a3k5

FLOW RATE: 070 gpm ELAPSED TIME: 0 br.

TEMPERATURE: ____26.0 C COLLECTION TIME:___ 8.0 min.

FEED CONDUCTIVITY: 8 O0() umhos

FEED pH: 7.8 DATA TAKEN BY:_AVDL.

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umbhos) (%)

1 2 449 08Bx133=10x0% = 155 120 984
2 4 45 D90 x 183 = Mp4Tx 0.962 = 158 _ Z40_ 987
3 ¢ 52 1L04:183=103x0%2 = (8.3 900 984

ave. Je.B.. 803 2Bk




BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: _FLUID SYSTEMS TEST # 3
ELEMENT # 3728

MEMBRANE SHEET # _2728-2T
MEMBRANE LD. # 3728-3

L MEMBRANE T DATA BEFORE BIOCIDE EX E

TEST DATE: _2//2/ 91 START TIME: 14320

PRESSURE: _____ 800 psi FINISH TIME: 1530

FLOW RATE: Q.5 gpm ELAPSED TIME: LO hr.
TEMPERATURE: C COLLECTION TIME:__S.0 min.
FEED CONDUCTIVITY: mumbos

FEED pH: 1.7 DATA TAKEN BY:___ KT

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND.  REJECTION

CORR. CORR. (umbos) (%)

1 1 S. 182 x 183 = 333Ix Q."780
2 3 87 174 x183=3%Ax0780 = 248 LI0 2 98.9
3 s 22 184 «183=3BLTx 070 = 202 820 9286

AvG. 227 .743. 220

BRANE T DATA AFTER BIOCIDE EXP

260 800 22:6

SENZALKONIUM .
BIOCIDE: > AHLORIDE _CONC.:_0.01% __BUFFER: HOY/NaHCOs pH: (.80 _
IMMERSION IN BIOCIDE: @ /2&/ 91 REMOVAL FROM BIOCIDE:|2/3/91

TOTAL TIME IN BIOCIDE:_@f DAYS

TEST DATE:[2/3/ 91 START TIME: [
PRESSURE: 80_‘8 psi FINISH TIME:
FLOW RATE: pm ELAPSED TIME: 1 hr.

TEMPERATURE: 260 C COLLECTION TIME:_§.0 min.

FEED CONDUCTIVITY: umbos

FEED pH: 78 DATA TAKEN BY:_ C.EM.

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umbhos) (%)

1 2 7.0 140 »183=2542x0%2 = 24. 1200 919
2 * 69 L3B x183=252%09%2 = 243 100 280
3 * 69 Laa x183=2525x 092=- 243 940 983

AvG. -244.. 1080 28.1..
X SLIGHTGROWTH ON FABRIC SIDE CF SAMPLES.




BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: _ FLUID SYSTEMS TEST # 4

ELEMENT # 3728
MEMBRANE SHEET # __3728-28
MEMBRANE 1.D. # 3728-4

ROL MEMBRANE TEST DATA BEFOQRE BI DE EXP E

TEST DATE: 9//2/ 91 START TIME: 1555

PRESSURE: ____ 800 psi FINISH TIME:

FLOW RATE: D.63 gpm ELAPSED TIME: __hr.

TEMPERATURE: 33 C COLLECTION TIME:___ (.0 ___ min.

FEED CONDUCTIVITY: Sﬁ,m umhos

FEED pll: ___7.8 . DATA TAKEN BY:

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umbos) (%)

1 1 8.7 145 x 18.3 =26.5 012
2 3 —_ — x183= — x

3 s 78 120x183=237h o712 = 18.© 380 99.3
ave. 1222, 420 223

20.9 R0} 99.2

— cm—— ——

BR 10CI P

BIOCIDE: _MEMSTQRE _ CONC.:__2%____ BUFFER:__NONE pH:__5.50

IMMERSION IN BIOCIDE: Q /26/ 91 REMOVAL FROM BIOCIDE:/2/3 /91

TOTAL TIME IN BIOCIDE:_(©8 DAYS .

TEST DATE:[2/3/ 91 START TIME: l%

PRESSURE: 200 psi FINISH TIME: 1

FLOW RATE: __Q,.QB______zpm ELAPSED TIME: R br.

TEMPERATURE: COLLECTION TIME: min.

FEED CONDUCTIVITY: Mnmhos

FEED pH: 7.8 DATA TAKEN BY:_C.EM.

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 2 4.l 092x183=}bfdx0%M3 = _15.9 160 B
2 4 £0 120 x183=29%x 0943 = 207 580 9.0
3 6 4.1 0.82 5 183 =150l x 0M3 = _14. 20 98.9

ave. -ll:2.. ©53 988




BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: _FLU/D SYSTEMS TEST # 5
ELEMENT # 3728

MEMBRANE SHEET # _2728-2— T
MEMBRANE 1.D. # 3728-5

EMBRANE T DATA BEF RE B 1D E
TEST DATE: 2//3/ 91 START TIME: ___Lﬁ!s
PRESSURE: 200 psi FINISH TIME: [
FLOW RATE: __OQO.Gloe ~ gpm ELAPSED TIME: 1.0 hr.
TEMPERATURE: ___ 325 ¢ COLLECTION TIME: 8.0 min.
FEED CONDUCTIVITY: Sam umbos
FEED pH: 7.7 - DATA TAKEN BY:
CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD  COND. REJECTION
CORR. CORR. (umhos) (%)
1 1 £9 178x183=325kp3sl = 27 5Sl0 99.0

2 3 97 1.94 x 18.3 =35.5x 0,151 20.7 410 98 8

3 5 9.5 1. 20x 183 =34T1x 0151 206.1 Bio 98.&
AvG. .25 (B2 288

A A ER BI

BIOCIDE:_PROSARD __ coNc.:_20% _ BUFFER:___NONE pH:_5.3

IMMERSION IN BIOCIDE: 9 /26/ 91 REMOVAL FROM BIOCIDE:[2/3/91

TOTAL TIME IN BIOCIDE:_©8 DAYS

TEST DATE:[2/3/ 91 START TIME: 0

PRESSURE: Z?% psi FINISH TIME: ;Ego

FLOW RATE: A gpm ELAPSED TIME: O __ hr.

TEMPERATURE: 2.5 C COLLECTION TIME:___ 5.0 min.

FEED CONDUCTIVITY: 500,000 umbhos

FEED pH:____7.% DATA TAKEN BY:_{.EM.

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umbos) (%)

1 2 7.8 15 x183=-28550943 = 269 80 988
2 4 2.0 160x133=2228x0M32= 27._ (D 288
3 ¢ B2 164x183=3001x0943 = 283 190 986

AvG. -2Le.. L1Q. 922




BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: FLUID SYSTEMS TEST # b

ELEMENT # 2728

MEMBRANE SHEET # _3728-2-/8
MEMBRANE L.D. # 372226

ROL MEMBRANE DA BEFORE BIOCIDE EXP RE
TEST DATE: 9//3/ 91 START TIME: 1510
PRESSURE: 800 psi FINISH TIME: 1L]D
FLOW RATE: 0. L0 gpm ELAPSED TIME: 1.0 br.
TEMPERATURE: 33 C COLLECTION TIME:__S£.0 min.
FEED CONDUCTIVITY: 58,000 umhos
FEED pH: 1.7 DATA TAKEN BY:
CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION

CORR. CORR. (umhos) (%)

1 1 2.3  Lblx183=303% 0738 = _224 740 98.7
2 3 9.2 184 x 183 =330K 0128 = _24.8 7i0 98.8

3 s 20 190 x183=32Mx0728 = 243 820 98.b
ave. 228 63, 9.7

EMBRAN E A R BI XP E
SUBSTITUTED
BIOCIDE: |SOTHIAZOUNONE CONC.:__0.50% __BUFFER: HCI/NaHCOz pH: 7.2 __
IMMERSION IN BIOCIDE: 9 /26/ 91 REMOVAL FROM BIOCIDE:|2/4 /91
TOTAL TIME IN BIOCIDE:_2 DAYS
TEST DATE:12/4/ 91 START TIME:
PRESSURE: 800 psi FINISH TIME:
FLOW RATE: 0.73 gpm ELAPSED TIME: 1.0 hr.
TEMPERATURE:___26.0 C COLLECTION TIME:__5.0 min.
FEED CONDUCTIVITY: 56,000 umhos
FEED pH: 7.9 DATA TAKEN BY:_(.E.M.
CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CNHRR. CORR. (umbos) (%)

1 2 BO 160x183-2928:0%2 = 282 1900 _X.b
2 4 27 154x1s3=BlBxw2 = 271 40 915
3 ¢ 24 148 x183 =270 QK2 = _206.] 1500 913

AVG. -Zld... Q0 97..




BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: uID sYs TEST # 7

ELEMENT # 3728

MEMBRANE SHEET # _3728-2- (T
MEMBRANE LD. # __3728-7

NTROL MEMBRANE TEST DATA BEFORE BIOCIDE EXP RE

TEST DATE: 2 /ggl 91 START TIME: 1o}

PRESSURE: o0 psi FINISH TIME: 1

FLOW RATE: 0.5 gpm ELAPSED TIME: 1.0 hr.

TEMPERATURE: 32.0 C COLLECTION TIME:___5.0 min.

FEED CONDUCTIVITY: (%l OOO umhos

FEED pH: 8.1 DATA TAKEN BY:_A.Y.D.L.

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND.  REJECTION
CORR. CORR. (umbos) (%)

1 1 2L 072 x183=[Bx0 WS = 0.1 540 @ 931
2 3 57 L4 x183=208x 075 = 159 | 8lo 28.1
3 s 74 146 x183=278x07S = 207 50 @ 98.%

ave., J2:4e /o) 282

MEMBRANE T DATA AFTER BIOCIDE EXP RE

5VB5TITUTED
BIOCIDE: [SOTH{AZOLINONE CONC.:___0.13% BUFFER: HC)/NaHC03 pH:_Z.1 _ _
IMMERSION IN BIOCIDE: 9 /26/ 91 REMOVAL FROM BIOCIDE:[2/4/91
TOTAL TIME IN BIOCIDE:_&5 _DAYS
TEST DATE:[2/4/ 91 START TIME:__ {200
PRESSURE: 800 psi FINISH TIME:
FLOW RATE: 0.8 gpm ELAPSED TIME: hr.
TEMPERATURE: 20.5 C COLLECTION TIME:__5.0 min.
FEED CONDUCTIVITY: 56,000 umhos
FEED pH: 7.8 DATA TAKEN BY:_CE.M.
CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION

CORR. CORR. (umhos) (%)
1 2 50! 1L02x183=[861x0943= 1.6 B4 85
2 4 857 L14x183=208x0943= 197 20 984
3 6 48 096x183=[15x0M2= l0.b 850 985
avG. 180 B0 . 98.5




BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: __FLUID SYSTEMS TEST # B8

ELEMENT # 2728

MEMBRANE SHEET # _z728-2-28&
MEMBRANE 1.D. # 23728-8

NTROL MEMBRANE TEST DATA BEFORE BIOCIDE EXP RE

TEST DATE: 9/ /(b / 91 START TIME: 1145
PRESSURE: 800 psi FINISH TIME: 1245
FLOW RATE: 0.5 gpm ELAPSED TIME: 1.0 br.
TEMPERATURE: 225 C COLLECTION TIME:__5.0 min.
FEED CONDUCTIVITY: 60,000 umhos
FEED pH: 8.1 DATA TAKEN BY:__AV.D.L.
CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND.  REJECTION
CORR. CORR. (umbos) (%)
1 1 L4 128 x183=2342x0780 = B3> B8R0 9285
2 3 2% @ 14k x183=2.T72x0180 = 208 550 221
3 5 1.1 L42 x 183 =2b9x 0180 = 21 S0 98.4
AvGe. 2.l 124 28.7
EMBRAN EST DA ER BI DE EXP RE
STITUTED
BIOCIDE:1SOTHIAZOLINNECONC. :_0, 01%.__BUFFER: HCI/NaHCDz pB: 74
IMMERSION IN BIOCIDE: 9 /24/ 91 REMOVAL FROM BIOCIDE:[2/4 /91
TOTAL TIME IN BIOCIDE:_ (9 DAYS
TEST DATE:|2/4/ 91 START TIME: |
PRESSURE: psi FINISH TIME: l
FLOW RATE: 0.8 gpm ELAPSED TIME: 1. hr.
TEMPERATURE: ___ 26.0 ~____C COLLECTION TIME:__ 5.0 min.
FEED CONDUCTIVITY: S, OO0 umhos
FEED pH:____7.8 DATA TAKEN BY:_(.EM.
CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umbos) (%)
1 2 328 — x183=—"—x " = — 2100 -

2 4 Sl 12 x183=2050: Q%2 = 97 820 984
- 3 6 5.2 1.04 x 183 =19.03x 02 = _|8.3 70 986
avG. -2:0Q.. B35 985,




BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: _FLUID SYSTEMS TEST # 10

ELEMENT # 3728 .
MEMBRANE SHEET # __3728-3-18
MEMBRANE L.D. # 3228-10

CONTROL MEMBRANE TEST DATA BEFORE BIOCIDE EXPOSURE

TEST DATE: 2/l / 91 START TIME: 1440
PRESSURE: _ 200 psi FINISH TIME: 1540
FLOW RATE: . —__ gpm ELAPSED TIME: L.O hr.
TEMPERATURE: 3 C COLLECTION TIME:___.0 min.
FEED CONDUCTIVITY: _&Q,000 umhos
FEED pH: 7.2 : DATA TAKEN BY:__ KT
CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND.  REJECTION
_ CORR. CORR. (umbos) (%)
1 1 54 — x183=_— x 0738 = —_ yi710.0] —_—
2 3 8l 1.25x183=247Ix 0738 = 182 410 99.2

3 5 92 152 x183=2800x 0728 2017 520 2.1
ave. 28 495 221

EMBRANE TEST DATA AFTER BIOCIDE EXP RE
BIOCIDE: _B(DMH ____CONC.:100mga[L _BUFFER: WU/NaHCO3 pH: (.5

IMMERSION IN BIOCIDE: 9 /24%/ 31 REMOVAL FROM BIOCIDE:{2/5/91

TOTAL TIME IN BIOCIDE: 22 DAYS

TEST DATE:2/5/ 91 START TIME:___Q8I0

PRESSURE: 800 psi FINISH TIME: __RI0

FLOW RATE:_____ Q072 __ gpm ELAPSED TIME: [ Xo) hr.

TEMPERATURE:___ 24.5 C COLLECTION TIME:___5.0 min.

FEED CONDUCTIVITY: 5,000 _umhos

FEED pH: 1.8 DATA TAKEN BY:__(.E.M.

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umbhos) (%)

1 2 L3 120x183=20x 102 = 235 1z 911
2 4 14 148x183=27108x102 = 226 1500 913
3 6 108 — x183e —3x— = — B —

AVG. ...z.é'.é—. ..lm .91s5..




BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: _FLUID SYSTEMS TEST # 1]

ELEMENT # 3728 |
MEMBRANE SHEET # _3728-3-27T
MEMBRANE LD. # __3728-/

CONTROL MEMBRANE TEST DATA BEFORE BIOCIDE EXPOSURE

TEST DATE: 2 91 START TIME: /555

PRESSURE: [o)s) psi FINISH TIME: 771

FLOW RATE: 0. L9 gpm ELAPSED TIME: ) hr.

TEMPERATURE: 33 C COLLECTION TIME:___ (0.0 min.

FEED CONDUCTIVITY: (L0, OO0 umbos

FEED pH: 7.7 - "DATA TAKEN BY:

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND.  REJECTION
CORR. CORR. (umhos) (%)

1 1 8.7 145 x183 =25 0738 = 1% 530 920
2 3 104 133 «183=3lebx073® = 234 770 387
3 5 106 177 x183=323%x 07138 = 239 750 287

AVG. 2R B3 22.6

MEMBRANE TEST DATA AFTER BIOCIDE EXPOSURE
BIOCIDE: BCDMH ____ CONC.:10mg/L  BUFFER: HCI/Na HCOz pH:_ 6.4

IMMERSION IN BIOCIDE: 9 / 24/ 91 REMOVAL FROM BIOCIDE:/[2/5/91

TOTAL TIME IN BIOCIDE: 70 _ DAYS

TEST DATE:|Z/ &/ 91 START TIME:__LQSE

PRESSURE: 800 pst FINISH TIME: 1

FLOW RATE: 070 gpm ELAPSED TIME: 1.0 hr.

TEMPERATURE: 255 C COLLECTION TIME:_5.0 min.

FEED CONDUCTIVITY: 50,000 umbos

FEED pH: 7.8 DATA TAKEN BY:__(.E.M.

CELL SAMPLE MLS MLS/MIN AREA TEME. GFD COND. REJECTION
CORR. CORR. (umbos) (%)

1 2 17 154 x183=2818x 098 = _21.& 1600 9Ll
2 4 15 150 x183=20495%0398) = _26.9 1900 0L
3 6 b 152 x183=20.82x098 = 273 1400 915

AvG. -22:3.. k33 911




BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: __FLUID SYSTEMS TEST # /2

ELEMENT # 2128

MEMBRANE SHEET # _3728-3-28
MEMBRANE 1.D. # 3728- 12

CONTROL MEMBRANE TEST DATA BEFORE BIOCIDE EXPOSURE

TEST DATE: S9/11/ 91 START TIME: 335

PRESSURE: _ __ R00 psi FINISH TIME: FEN

FLOW RATE: 0.9 gpm ELAPSED TIME: 1.0 br.

TEMPERATURE: 37 C COLLECTION TIME:_  &.00 ___ _min.

FEED CONDUCTIVITY: @0,00r _umbos

FEED pH: 7.5 - " DATA TAKEN BY:___K. 7.

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhbos) (%)

1 1 5.1 0.85 x. 18.3 = |[5.%65x D7LS 1.2 350 .49
2 3 8.2 127 x183=250K 0.5 192 280 294

3 5 9.2 1.53 x 18.3 =28.00x 0.5 214 550 99,1
ave. JL.L. 427 92.2

EMBRANE TEST DATA _AFTER BIOCIDE EXP RE

BIOCIDE:_BC DMH _ CONC.:__t mg /i BUFFER: HC, /raCQ, pH: 7.1

IMMERSION IN BIOCIDE: € /24/ 91 REMOVAL FROM BIOCIDE:(2/5/91

TOTAL TIME IN BIOCIDE:_7¢__ DAYS

TEST DATEY4/5/ 91 START TIME:___ /420

PRESSURE: 800 psi FINISH TIME:__ /30

FLOW RATE: _O.78 gpm ELAPSED TIME: /.0 hr.

TEMPERATURE:___24.0 C COLLECTION TIME:__S min.

FEED CONDUCTIVITY: 54,000 _umbhos

FEED pH:___17.8 DATA TAKEN BY:__C.E£.M

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 2 49 Q09 x183=/193x09%2 = (1A = boo « 949
2 4 59 L8 x183=59x0QA= Q0.8 = L3O 98.9
3 6 48 Q9 x183=/151xQ9R = _L&.9 Loo 989

avG. &3 4o 9£.9.




BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: __FLuID SYSTEMS TEST # __/3
ELEMENT # 3728

MEMBRANE SHEET # _z728-4-/T

MEMBRANE 1L.D. # __3728-)3

NTROL MEMBRANE TEST DATA BEFORE BIOCID P RE

TEST DATE: _2/17/ 9 START TIME: 1010
PRESSURE: 8200 psi FINISH TIME: )
FLOW RATE: 0.8 gpm ELAPSED TIME: 5. O hr.
TEMPERATURE: 233 C COLLECTION TIME:__ 4.0 min.
FEED CONDUCTIVITY: _&O, 000 umhos
FEED pH: 7S DATA TAKEN BY:  KT.
CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)
1 1 wA| [.iB x 183 =2.59x 0.7138 = _15.9 £20 9.0

2 3 8.2 137 x 183 =250 0738 = _|8.5 220 9.4
3 5 8.9 149 x 183 = 21.08x 07383 = _20.0 420 99.3

AvG. 181 413, 922
MEMBRANE TEST DATA AFTER BIOCIDE EXPOSURE
BROHONITRO-
BIOCIDE:PROPANEDIOL. _ CONC.:__0.5% _ BUFFER:HCI/NoHCOz pu: 4.0
IMMERSION IN BIOCIDE: 9 /27/ 91 REMOVAL FROM BIOCIDE:[2/5/91
TOTAL TIME IN BIOCIDE: {9  DAYS
TEST DATE:|2/5/ 91 START TIME: 1&@
PRESSURE: % psi FINISH TIME:
FLOW RATE: pPm ELAPSED TIME: LO_ hr.
TEMPERATURE: 2.0 C COLLECTION TIME:___ 5.0 min.
FEED CONDUCTIVITY: 56,000 umhos
FEED pH: 18 DATA TAKEN BY:_C.EM
CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 2 54 108x183=0x0%2 = 20 90 984
2 4 2B DAx183=139x092 = _124 880 984 -
3 ¢ 42 D0H4x183=851x0%2 = _148 940 983

ave. 2.1 201, 984




BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: _FELUID SYSTEMS TEST # /5

ELEMENT # 3128
MEMBRANE SHEET # _3728-4-2T
MEMBRANE 1.D. # _ 27128-i5

TROL MEMBRANE TEST DATA BEFORE BIOCIDE_EXP RE

TEST DATE: _2_/’}[_7;/) 91 START TIME: lg;?D
PRESSURE: psi FINISH TIME: 450

FLOW RATE: O.69 gpm ELAPSED TIME: 1L.O hr.
TEMPERATURE: 2 C COLLECTION TIME. _&.0D _ _ min.
FEED CONDUCTIVITY: M,m umhbos

FEED pH: w i : DATA TAKEN BY:__K.T.

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION

CORR. CORR. (umbos) (%)

®9 L2090
200 485 @ 9.2

1 1 Ll LIO x 183 =2013x 0138
2 3 89 L48 x 18.3 = 22.08x 0138

3 5 86 143x183= x Q738 = —— _—
AvG. 1.5 B53. 22:1.
EMBRANE TEST DATA AFTER BIOCIDE P E
BROMONITRO- o
BIOCIDE:.EBQEANE.DJQ.L_CONC-=_D.,.1Q_/1.BUFFER=.H.C.MCQ3_PH=_{&Q__
IMMERSION IN BIOCIDE: @ /27/ 91 REMOVAL FROM BIOCIDE:[2/4/91
TOTAL TIME IN BIOCIDE:_2D DAYS
TEST DATE:(2/&/ 91 START TIME:____ 0920
PRESSURE: ——psi FINISH TIME:___ /020
FLOW RATE: 0.15 gpm ELAPSED TIME: LO _ br.
TEMPERATURE:___ 250 C COLLECTION TIME:___5.0 min.
FEED CONDUCTIVITY: 50,000 umbhos
FEED pH: 7.8 DATA TAKEN BY:_(.E.M.
CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 2 42 oPdx183=1531x LOD = U531 800 986
2 4 49 098 x183=1193x 100 = 17.93 200 S8l
3 ¢ 47 094 x183=1220x100 = UZ20 900 284

AVG. .Jbl.&.. .m -2&5..




BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: __FLUID SYSTEMS TEST # __|7

ELEMENT # 328
MEMBRANE SHEET # 2728-5-IT
MEMBRANE L.D. # __3728-17

CONTROL MEMBRANE TEST DATA BEFORE BIOCIDE EXPOSURE

TEST DATE: 9 91 START TIME: 0 égo

PRESSURE: psi FINISH TIME: 0900

FLOW RATE: 0-69 gpm ELAPSED TIME: L.O hr.

TEMPERATURE: 32 C COLLECTION TIME:___ 5.0 min.

FEED CONDUCTIVITY: &0.0N¢ umhos

FEED pH: 73 . DATA TAKEN BY:

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

* 1 1 B840 162 x183=0L5x07%5 = 227 130 28.7

* 2 3 9.2 LPA x183 =ULIx 0 WS 257 10co 28.3
3 5 89 178 x183=3251x 0765 = 249 870 28.5
AVG. .Zﬁtﬁ. .&8.7. .33.-.‘.5

MBRANE ATA AFTER BIOCIDE EXP RE

BROMONITRO~
BIOCIDE:PEOPANEDIOL. __ CONC.:__0,0(% BUFFER:HCI/Na HCO2 pH: &3

IMMERSION IN BIOCIDE: 9 /27/ 91 REMOVAL FROM BIOCIDE:{2/& /91
TOTAL TIME IN BIOCIDE:_7Q DAYS

TEST DATE:[2/4/ 91 START TIME:____|

PRESSURE: 800 psl FINISH TIME: é§

FLOW RATE: 2 gpm ELAPSED TIME: 155) hr.
TEMPERATURE: 255 C COLLECTION TIME: .0 min.
FEED CONDUCTIVITY: 54,XX) umhos
FEED pH: 2.8 DATA TAKEN BY:_ C.E.M.

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 2 b 32 x183=24l6x098 = _23.7 172000 910
2 4 59 L8 x183=2159x098 = 21.2 = 200 919
3 ¢ @9 138 x183=2525x08l1 = 248 1200 91.9
AVG. -R2:2. 43l Q..

¥ DENT |N POROUS 5SS PLATE (MAY AFFECT RESVLTS),




BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: _ FLUID SYSTEMS TEST # 8

ELEMENT # 328
MEMBRANE SHEET # _37128-5-18
MEMBRANE I.D. # __3728-I8

TROL MEMBRANE TEST DATA BEFORE BIOCIDE EXP RE

TEST DATE: 9//8/ 91 START TIME: NO4O

PRESSURE: 00 psi FINISH TIME: 1040

FLOW RATE: 0.9 gpm ELAPSED TIME: 1.0 hr.

TEMPERATURE: 325 C COLLECTION TIME: __ _/lo.0D min.

FEED CONDUCTIVITY: £0,0Q0 umhos

FEED pH: Z3 ’ DATA TAKEN BY:

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umbhos) (%)

1 1 Ll L0 x183=2003x 0752 = 51 520 991
2 3 91 152 x183=2782x 0752 209 500 2.2
3 5 18 130 x183=23Vx 0352 119 210 284

AvVG. -18:Q Loled. 282

EMBRANE TEST DATA AFTER BIOCIDE EXP RE
CETYLTRIMETHAMMONIVA

BIOCIDE :R-TDMWENE SULFONATECONC.:__0.5 %0 BUFFER: pH:_Z7.9

IMMERSION IN BIOCIDE: 9 /24 91 REMOVAL FROM BIOCIDE:/2/2/91

TOTAL TIME IN BIOCIDE:_Z& DAYS

TEST DATE:[2/2/ 91 START TIME: 1020

PRESSURE: 800 psi FINISH TIME: 1120

FLOW RATE:___Q._@?E___xpm ELAPSED TIME: LO br.

TEMPERATURE: ____ 25, C COLLECTION TIME:__&/.0 min.

FEED CONDUCTIVITY: 5 QX0 umhos

FEED pH: BRZ DATA TAKEN BY:__AV.D.L.

CELL SAMPLE MLS MLSMIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 2% 51 102 x183=|8k1x0381 = _IB3 1200 218
2 4 £ 120 x183=A%x098 = 215 760 9.
3 6 o2 LAx183=245%098 = _24.) _880 984

AVYG. ...?.!.'.3.. ..?.4.-].. -?3...3..




BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: __FLUID SYSTEMS TEST # 20
ELEMENT # 3728

MEMBRANE SHEET # _3728-5-26
MEMBRANE L1.D. # ___3728 -20

CONTROL MEMBRANE TEST DATA BEFORE BIOCIDE EXPOSURE

TEST DATE: 9/ 91 START TIME: /E_o
PRESSURE: éoo psi FINISH TIME: 13320
FLOW RATE: Q.68 gpm ELAPSED TIME: LO br.
TEMPERATURE: 23 C COLLECTION TIME:__A&.0 min.
FEED CONDUCTIVITY: Qq,mQ umbhos
FEED pH: 7.7 DATA TAKEN BY:__ KT
CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND.  REJECTION
CORR. CORR. (umhos) (%)

1 1 L2 L2l x 183 =230kx 0738 = _|1.0 35p 9.4

2 3 B.o LGO « 183 =29.28x 0138 = 2L 480 99.2

3 5 80 160x183=2928xD138 = —— 500 __

AVG. ..L213. ..9.'.5.. .ﬁsﬁ.

EMBRANE TEST DATA AFTER BIOCIDE _EXP RE
CETYL TRUIMETHAMHONIUM

BIOCIDE:p-JoWENE SuLFonareCONC.:___ 0.1 /o BUFFER: pH:_8.5

IMMERSION IN BIOCIDE: 2 /24 91 REMOVAL FROM BIOCIDE:[2/9 /91

TOTAL TIME IN BIOCIDE: Ze DAYS

TEST DATE:|2/2/ 91 START TIME: 1330

PRESSURE: 800 psi FINISH TIME: 1420

FLOW RATE: 0.7 gpm ELAPSED TIME: 1.0 br.

TEMPERATURE: 26 .0 Cc COLLECTION TIME:___&8.0 min.

FEED CONDUCTIVITY: 5{,000) umbhos

FEED pH: 8.7 DATA TAKEN BY: A.V.D.L.

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 2 80 100 x183=80x 02 = _\7.l 160 98
2 4 58 Lb x183=22%0W%2- 204 920 2983
3 6 Z1 — X183 =——x = o _—— 2200

AVG. -J2.0.. Beb 98.5.




BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: _FLUID SYSTEMS TEST # __2|

ELEMENT # 37128
MEMBRANE SHEET # _27228-6-IT
MEMBRANE 1.D. # _3728~ 2/

NTROL MEMBRANE TEST DATA BEFORE BI D POSURE

TEST DATE: 2/ é@/ 91 START TIME: 1415

PRESSURE: 00 psi FINISH TIME: 1515

FLOW RATE: o) “ﬂ_’,_ gpm ELAPSED TIME: Lo br.

TEMPERATURE: 3 C COLLECTION TIME:__ /oD min.

FEED CONDUCTIVITY: 40,000 umhos

FEED pH: v A _ DATA TAKEN BY:__ K.T.

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD  COND. REJECTION
CORR. CORR. (umhos) (%)

1 1 b.le LIO x183=20.3x0738 147  LlO 220
2 3 Bl 143 x183=2Nx0PR = 19.3 AK50 LeAR
3 5 89 149 x183=-2108x0738 = 200 700 2 988%

ave. 2l ez 222

EMBRAN EST DA FTER BIOCI P R
CETYLTRIMETHAMMON UM

BIOCIDE:fIDLVENE SUEONRIECONC.:__0.01%p _BUFFER:HCI[NaHCOg  pH: 8.0

IMMERSION IN BIOCIDE: 9 /27/ 91 REMOVAL FROM BIOCIDE:2/)! /91

TOTAL TIME IN BIOCIDE:_75 DAYS

TEST DATE:2/1l/ 91 START TIME: %

PRESSURE: y.' o) psi FINISH TIME:

FLOW RATE: _2‘3% gpm ELAPSED TIME: 1.0 br.

TEMPERATURE:__25.5 C COLLECTION TIME:___A&.0 min.

FEED CONDUCTIVITY: 5500 umhos

FEED pH: Z2.Le DATA TAKEN BY:___C.E M.

CELL SAMPLE MLS MLSMIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umbos) (%)

1 2 L2 L24x183=2209xQBl = 223 0 - R3

2 4 54 108x183=19%x098 = 124 L8O 988

3 ¢ L8 130 x183=M87x098] = 244 dis0 N9
AVG. -22:0._ 220. 83.




BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: _FLUID SYSTEMS TEST # __ 22

ELEMENT # I8
MEMBRANE SHEET # _3728-6(-18
MEMBRANE 1.D. # __ 27288 -22

NTROL MEMBRANE TEST DATA BEFORE BIOCIDE EXP RE

TEST DATE: 9//8/ 91 START TIME: _715%5

PRESSURE: 800 psi FINISH TIME: &

FLOW RATE: o-&1 gpm ELAPSED TIME: LO hr.

TEMPERATURE: __33 C COLLECTION TIME:___S.0 min.

FEED CONDUCTIVITY: {.Q,Qm umhos

FEED pH: w x-S DATA TAKEN BY:__ KT,

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umbos) (%)

1 1 949  1PBx183=2440xD738 = —. 1200 —
2 3 90 180x183=323xp0738 = 24.3 _Bco 98.17

3 5 27 194 x183=255x0738 = 262 B20 8.6
AvG. 25:2  .8le. 280

EMBRANE T DAT FTER B P

EODIVM o
BIOCIDE: ®ENZOATE __ CONC.:_0.5% _ BUFFER: HCI/NaHCQOa pH:
IMMERSION IN BIOCIDE:_Q /27/ 91 REMOVAL FROM BIOCIDE:/2//{ /91
TOTAL TIME IN BIOCIDE:_7ZS DAYS
TEST DATE:!2/l// 91 START TIME: 30
PRESSURE: 800 psi FINISH TIME: 1%3'01
FLOW RATE: 0.68 gpm ELAPSED TIME: lgp hr.
TEMPERATURE: 20.0 C COLLECTION TIME: 5] min.
FEED CONDUCTIVITY: 55,222 umhos
FEED pH:___727 DATA TAKEN BY: _C.EM,
CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION

CORR. CORR. (umbos) (%)

1 2 82 104x183=200x0%2 = 289 1250 917

2 4 12 158 x183=29x0%2 = 222 _ = 1050 98]

3 6 Bl 142 x183=45x0%2 = 285 280 282
Ave. 224 A0 .780.




BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: _FLDID SYSTEMS TEST # __24

ELEMENT # ____23728

MEMBRANE SHEET # _2728-4-28
MEMBRANE LD. # _ 318-24

R EMBRANE T TA BEFORE BIOCIDE EXP RE

TEST DATE: 9//9/ 91 START TIME: 545
PRESSURE: psl FINISH TIME: 1048
FLOW RATE: 0, %7 gpm ELAPSED TIME: 1.0 hr.
TEMPERATURE: 2 C COLLECTION TIME: 8,0 min.
FEED CONDUCTIVITY: £0,0Q0 umhos
FEED pH: 75 : ' DATA TAKEN BY: KT
CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umbos) (%)
1 1 82 LbAx183=300x 05 = 229 X0 8985
2 3 85 — x183="—x — = —_  J200 =

3 5 92 184 x183=RLIx0X5 = 257 _8&0 98.lo.
ave. 243 880 B2

BRA T ER BIOCID P

BIOCIDE: BENZOATE ____CONC..__0.1% _ BUFFER: HCl[NaHCOz pH:_ (.35

IMMERSION IN BIOCIDE:_9 /25/ 91 REMOVAL FROM BIOCIDE:[2//3/91
TOTAL TIME IN BIOCIDE:_75 DAYS

TEST DATE:/2//(3/ 91 START TIME: 0
PRESSURE:________800 __ psi FINISH TIME:

FLOW RATE: 0.9 gpm ELAPSED TIME: 1.0 br.
TEMPERATURE: _ z{.% C COLLECTION TIME: ___5.0 min.

FEED CONDUCTIVITY: 55,000 umhos
FEED pH: g3

CELL SAMPLE MLS MLS/MIN

AREA TEMP. GFD

DATA TAKEN BY:__AV.D.L.

COND. REJECTION

CORR. CORR. (umbhos) (%)
1 2 714 148 x183=2108x 104 = _282 1400 215
2 4 Z2 LN x183=2p2x104 = 224 < _H0 983
3 6 Z2 144 x183=2%35x104 - 214 1400 a15

AVG. -Z1.1 253 218,




BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: _FLU TEMS TEST # __24
ELEMENT # __ 3728 ,
MEMBRANE SHEET # _ 3728-7-18

MEMBRANE LD. # 3728- 26

CONTROL MEMBRANE TEST DATA_BEFORE BIOCIDE EXPOSURE

TEST DATE: _2//2 /1 91 START TIME: 1220

PRESSURE: 20> psi FINISH TIME: 1220

FLOW RATE: 0.l gpm ELAPSED TIME: L.O br.

TEMPERATURE: __32.5 C COLLECTION TIME:___&5.0 min.

FEED CONDUCTIVITY: O,0n0 nmbos -

FEED pH: 2.5 ' DATA TAKEN BY:

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umbos) (%)

1 1 02 124 x183:=226%x 0152 = 11l 825 98k
2 3 79 L58x183=2891x0752 = 2.7 650 989

3 5 21 — xm83=——x_ "= = —— 30D -
e 24 221 983
EMBRANE TEST DATA AFTER BIOCIDE EXP E
DIUM
BIOCIDE: BENZOQATE ___ CONC.:_0Q.01 % BUFFER: HCI/NAHCO3 pH: 5.95
IMMERSION IN BIOCIDE: G /25/ 91 REMOVAL FROM BIOCIDE:{/2//3/91
TOTAL TIME IN BIOCIDE: DAYS
TEST DATE:/[Z/3/ 91 START TIME: 1032
PRESSURE: 200 psi FINISH TIME: 13
FLOW RATE: oW, ») gpm ELAPSED TIME: 1.0 br.
TEMPERATURE:_____ 2565 _____C COLLECTION TIME:__&8.0 min.
FEED CONDUCTIVITY: 55,000 umhos
FEED pH:____8.3 DATA TAKEN BY:_ AV.D.L .
CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umbhos) (%)

1 2 L4  L28 x183=2342x 098! = _23.0 950 983

2 4 52 106 x183=19490x 038/ = _190 A0 9285 -

3 6 D2 104x183=1903xQ09%Bl = _IB7 7230 987
AvG. 222, B0 985




BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: __FLUID SYSTEMS TEST # __ 22

ELEMENT # 3128
MEMBRANE SHEET # _3728-8-1T
MEMBRANE 1.D. # __3728 - 29

NTROL MBRANE TEST DATA BEFORE BIOCID URE

TEST DATE: _9/ 20/ 91 START TIME: e

PRESSURE:! "800 psi FINISH TIME: Q%%_%

FLOW RATE: 0.6 gpm ELAPSED TIME: 11 br.
TEMPERATURE: Eya C COLLECTION TIME:__ 5,0 min.
FEED CONDUCTIVITY: @;QQQ umhos ‘

FEED pH: 75 ' DATA TAKEN BY:__KT_

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION

CORR. CORR. (umbos) (%)

1 1 23 140 x 183 =2L12x DT6S 204 810 o83
2 3 833  1Ubx183=3038 Q765 232 9io 224

3 5 823  Lbbx183=203%DXS = 222 BBO 285
AVG. .22-.1.3 ..3&] ..28.-..5

BRANE TEST DATA AFTER BIOCI P
BIOCIDE:__EDTA _______CONC.:__0.5%__ BUFFER:_HC|[NaHCQs pH:_5.1S
IMMERSION IN BIOCIDE: 2 /25 91 REMOVAL FROM BIOCIDE:{2//2/91
TOTAL TIME IN BIOCIDE:_Z5 _DAYS
TEST DATE:[2/& 91 START TIME: 141
PRESSURE: Boo psi FINISH TIME:
FLOW RATE: D70 gpm ELAPSED TIME: 1.0 br.
TEMPERATURE: ____27.0 C COLLECTION TIME:___5.0 min.
FEED CONDUCTIVITY: 85 000 umhos
FEED pH: 83 DATA TAKEN BY:
CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION

CORR. CORR. (umbhos) (%)

1 2 73 1.9 x 183 = 2612« 0925 = _24.7 1600 1.1

' Loz x 183 =265 025= 214 1400 915 -

3 6 20 1.&0 x 183 =29.28x 0.925 = _21.| (400 915
AvG. -2e4.. L7y 914.

E




BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: _FLUID SYSTEMS TEST # __30
ELEMENT # 27128 .

MEMBRANE SHEET # 3728- g-18
MEMBRANE LD. # _272a-20

NTROL MEMBRANE TEST DATA BEFORE BIOCID P

TEST DATE: 9/ 91 START TIME: (95 1Ye)
PRESSURE: %%3 psi FINISH TIME: [0SO

FLOW RATE: 0.8 gpm ELAPSED TIME: go br.
TEMPERATURE: 232 C COLLECTION TIME: O min.
FEED CONDUCTIVITY: 4O, umhos

FEED pH: w - N " DATA TAKEN BY:__KT.

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION

CORR. CORR. (umbhos) (%)

1 1 3 134 x183=245x0965 = 187  _711S 283
2 3 950 160x183=2228x0765 = 224  LBO = 989

3 5 2.8 150 x183 =855« 0.7¢5 v AR 980 98.4
AvG. 2.0 8lZ. 281

BR TEST DAT FTER BIOCIDE EXP R
BIOCIDE: _EDTA ______ CONC.:._0.1% __ BUFFER: HGI/NaHCOz pH: 54

IMMERSION IN BIOCIDE:_Q /25 91 REMOVAL FROM BIOCIDE:{2/6/91

TOTAL TIME IN BIOCIDE:_78 DAYS

TEST DATE:/2/lfp 91 START TIME:___0P45

PRESSURE: 800 psi FINISH TIME: 0945

FLOW RATE: ol gpm ELAPSED TIME: 1.0 hr.

TEMPERATURE:___ 24.0 C COLLECTION TIME:__ 6.0 min.

FEED CONDUCTIVITY:ﬁﬁvm_nmhos

FEED pH:__, 2.85 DATA TAKEN BY:__AV.D.L

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 2 69 115 x183=205x 104 = _21.9 200 98.4

2 4 2.0 L1272 x183=232k 104 = 242 980 98.2

3 6 20 142 x183=24lx 104 = 22.3 540 98.3
AVG. ..2.2;.3.'. ..?.4.9.. .3.6.'....




BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: _FLUID SYSTEMS TEST # __ (4

ELEMENT # 3728 .
MEMBRANE SHEET # _3728-4-/8
MEMBRANE L.D. # __3128-14

ROL MBRANE TEST DATA BEFORE BIOCID P E

TEST DATE: 17/ 91 START TIME: /
PRESSURE: ém psi FINISH TIME: (310

FLOW RATE: __Q._(p_g____ gpm ELAPSED TIME: 1.0 hr.

TEMPERATURE: 3 C COLLECTION TIME:___&.0O min.

FEED CONDUCTIVITY: qu umhos

FEED pH: 77 : . DATA TAKEN BY:___ KT

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND.  REJECTION
CORR. CORR. (umbhos) (%)

1 1 85 _Llox'ls.3=al_.u_xaaaa=22.9_ £00 990
2 3 89 1I18x183=251xqI138 = 240 150 98N

3 s 221 182x183=—x0738 = — 1500 _
AVG. &28. LkI]8. IR

BRANE TEST DATA AFTER BIOCIDE EXP
BIOCIDE:_EDTA_______CONC.:_Q.0l% BUFFER: HCI[NaHCO3 pH: 4,95

IMMERSION IN BIOCIDE:_9 /25 91 REMOVAL FROM BIOCIDE:/2//91

TOTAL TIME IN BIOCIDE:_Z8 DAYS

TEST DATE:[2/I& 91 START TIME: !

PRESSURE: 800 psi FINISH TIME: ]

FLOW RATE: QL8R gpm ELAPSED TIME: L.O hr.

TEMPERATURE: ____25.0 C COLLECTION TIME:__ 4.0 min.

FEED CONDUCTIVITY: 55,000 umhos

FEED pH:___285 DATA TAKEN BY:__AV.D.L.

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
R CORR. CORR. (umhos) (%)

1 2 856 142 x183=259x 10 = 260 1400 915
2 4 R2Z 137 x183=25802x |00 = 25.1 1200 278
3 6 B85 142 x183=2599x 100 = 26.0 300 916

AVG. -28:7.. 230 9.




BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: _FLVID SYSTEMS TEST # __3!

ELEMENT # T
MEMBRANE SHEET # _3728-9

MEMBRANE L.D. # __372R-3|

AR MEMBRANE TEST DATA BEFORE BIQCID P RE

TEST DATE: [0/ [ / 91 START TIME:

PRESSURE! o0 psi FINISH TIME: 1045

FLOW RATE: pﬁn gpm ELAPSED TIME: 1.0 br.

TEMPERATURE: = Cc COLLECTION TIME:___&.» min.

FEED CONDUCTIVITY: {1,000 umhos :

FEED pH: 2.5 ~°  DATA TAKEN BY:

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umbos) (%)

21.2 Lo 20

1 '1 72 14 x 183 = 288x 0.7152
2 3 724 142 x 183 =2708x 0352 204 480 99.2

3 5 £4 16D x183=3074x 0752 221  Llo 22.0
ave. 2l Sio 29.4.

MEMBRANE TEST DATA AFTER BIOCIDE EXPOSURE

SODIUM BENZOATE o
BIOCIDE: £QTA(50:50) __CONC.:__0.5 % _ BUFFER: HCi /Mo HCOy pH:

IMMERSION IN BIOCIDE: O/ 3/ 91 REMOVAL FROM BIOCIDE:[2/i6/91

TOTAL TIME IN BIOCIDE: DAYS -

TEST DATE:[2/ip/ 91 START TIME:_____[500

PRESSURE: psi FINISH TIME:

FLOW RATE: 0 gpm ELAPSED TIME: I br.

TEMPERATURE: ___ 25.0 C COLLECTION TIME:___ .0 min.

FEED CONDUCTIVITY: S5,000 umhos

FEED pH: 785 DATA TAKEN BY: KT

CELL SAMPLE MLS MLSMIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 2 14 123 x183=22Sk 100 = _22.5 LSO 288
2" ¢ B4 140 x183=2562 100 = 256 240 983 -
3 6 B0 133x183-203k100 = 243 240 987

AvG. -24.1... 27 98.6..




BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: FLuiD SYSTEMS TEST # _ 32
ELEMENT #

MEMBRANE SHEET # _3128-10
MEMBRANE LD. # __ 3128-32

CONTROL MEMBRANE TEST DATA BEFORE BIOCIDE EXPOSURE

TEST DATE: 0/ 91 START TIME: “ffi

PRESSURE:! EEQ psi FINISH TIME: 1215

FLOW RATE: __ Q9  gpm ELAPSED TIME: {.0 hr.

TEMPERbATURE: 23 C COLLECTION TIME:__&.p» min.

FEED CONDUCTIVITY: ('Q,(m umhos :

FEED pH: 2.5 - " DATA TAKEN BY: _ K7

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND.  REJECTION
CORR. CORR. (umhos) (%)

1 1 2 152x183-782x0738 = 205 740 88
2 3 L8 1% x183=2489x0.7138 A84 530 S59.1

3 5 82 1064 x183:=3001x0728 = 22.1. 850 SB.b
Ave. 2.2 7oL 20

BR TEST DA FTER BIOCI P
SovIUM BENZOATE

BIOCIDE: EDTA (50:50) CONC.:___0.05% BUFFER: HCs /Ala HCO, pH:_5.0

IMMERSION IN BIOCIDE: [0/ .3/ 91 REMOVAL FROM BIOCIDE:I2//7/91

TOTAL TIME IN BIOCIDE: DAYS -

TEST DATE:{2/17/ 91 START TIME:

PRESSURE: 20 psi FINISH TIME: 1150

r“gowE RATTE: [2) > pm ELAPSED TIME: Lo br.

TEMPERATURE: % c COLLECTION TIME: __7Z, min.

FEED CONDUCTIVITY: 55,000 umhos 2.

FEED pH:____7.45 DATA TAKEN BY:__K.T.

CELL SAMPLE MLS MLS.i1IN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 2 B85 121 x183=2Mx 100 = _22.0 840 925
2 4 22 U3l x183=239 0D = 240 X0 o4 -
3 6 100 142 x183=2%11x (.00 = _26.2 10O 98.0

AvG. L&l M1 283




BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: FLUIDOSYSTEMS TEST # _33
ELEMENT # .
MEMBRANE SHEET # _3128-1l
MEMBRANE 1.D. # 37228-235

ROL MEMBRANE TEST DATA BEFORE BIOCID RE

TEST DATE: 91 START TIME: 1240

PRESSURE: % psi FINISH TIME: 1340

FLOW RATE: [oX75) gpm ELAPSED TIME: LO br.
TEMPERATURE: 22 C COLLECTION TIME:___5.0 min.
FEED CONDUCTIVITY: {0,000 umbos :

FEED pH: 25 * DATA TAKEN BY:___KT,

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION

CORR. CORR. (umbos) (%)

1 ‘1 bt 122 x183 =223 D138 o5 4O 222
2 3 52 104x183=0903xQ1R = 140 360 K4

3 5 L4 128x183=234%0738 = 113 460 92
ave. J22. 4. 025

MEMBRANE TEST DATA AFTER BIOCIDE EXPOSURE
SODIVM BENZOATE
BIOCIDE:_EDTA (50:502 CONC.:___Q.0) __ BUFFER:/MCi/Ma HCOgpH: ________
IMMERSION IN BIOCIDE:_I0/_3/ 91 REMOVAL FROM BIOCIDE:{2//2/91
TOTAL TIME IN BIOCIDE:_25 _DAYS :
TEST DATE:/2/(7/ 91 START TIME: %
PRESSURE: psi FINISH TIME:___ (70
FLOW RATE: 0. zpm ELAPSED TIME: A7) br.
TEMPERATURE: ____ %%Q COLLECTION TIME:__Z0 min.
FEED CONDUCTIVITY: _&@_nmhos
FEED pH:___7.945 DATA TAKEN BY:__ K. T,
CELL SAMPLE MLS MLS/MIN AREA TEMP.  GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 2 Ll 087x183=15Rx000 = _52 = N = 980

2 4 @S 093 x183=_{202x100 = _12.0 {30 289 -

3 6 Z2 1032 x183=)88% 100 = _1B89 R7.7) 98,8
AVG. 123, T2 B




BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: _FLUID SYSTEMS TEST # _24
ELEMENT # S 4
MEMBRANE SHEET # 2728-12
MEMBRANE LD. # 3728-34

R MEMBRANE TEST DATA BEFORE BIOCIDE RE
TEST DATE: % 91 START TIME: __ |-
PRESSURE: psi FINISH TIME:
FLOW RATE: ___Q,_%%___ gpm ELAPSED TIME: IEQ br.
TEMPERATURE: C COLLECTION TIME: i) min,
FEED COBNDUCTIVITY: (0O,0(x> umbos :
FEED pH: 25 - " DATA TAKEN BY:___ KT,
CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND.  REJECTION

CORR. CORR. (umhos) (%)

1 Al BO 10 x 183 = 2928« 0.738 2l 200 288
2 3 84 L2 x183=2L%x03% = 212 B2 984

3 s 1949 148 x183-2008x0738 = 200 Bo = 952
Ave. 4l 223 281

R T FTER_BIOCI

BIOCIDE: GVTERADEHYDE CONC.:_3.0%  BUFFER: HCs /NVa HCGpH: 510

IMMERSION IN BIOCIDE:J0 /. 4 / 91 REMOVAL FROM BIOCIDE:[2/{8/91

TOTAL TIME IN BIOCIDE:_YS __ DAYS .

TEST DATE:12/18/ 91 START TIME:

PRESSURE: J.74.4] psi FINISH TIME: _

FLOW RATE:_____ 072 gpm ELAPSED TIME: —_br.

TEMPERATURE:__ 24,0 _ C COLLECTION TIME: min.

FEED CONDUCTIVITY: 55,000 umhos

FEED pH:____77 DATA TAKEN BY:_C.E.M.

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umbhos) (%)

1 2 50 1.00x13=-18301.04 = _190 940 9.3
32 « 55 LI0x183-2002:1.04 = 209 1050 98.1
3 ¢ 42 08x153-15212104 - b0 840 985

Ave. ... 1.6 943, 8.3




BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER° W TEST # __35
ELEMENT # SA
MEMBRANE SHEET # _37128- 13
MEMBRANE 1.D. # ___27286-35

NTR L MEMBRANE TEST DATA BEFORE BIOCIDE EXP RE

TEST DATE: 0/ 91 START TIME: ___ |54

PRESSURE: psi FINISH TIME: 17X

FLOW RATE: , gpm ELAPSED TIME: L0 br.

TEMPERATURE: ____32.5 COLLECTION TIME: __ 6.0 min.

FEED CONDUCTIVITY: mma_umhos :

FEED pH: 23 ' DATA TAKEN BY:___KT.

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umbos) (%)

1 1 &l 1.02x183=JBlixp152 = 1.0 Lo 289

2 3 21 118 x183=2159x 0752 162 30 94

3 5 (B  LI3 x183=2068x 0752 155 4o N3
AvG. 2% 410, 222

BRANE TEST DAT FTER BI D P

BIOCIDE: GLUTERALDERYDE CONC.:___L.0%e _ BUFFER: HCi/NaHCOypB: 5.6
IMMERSION IN BIOCIDE: 10/ 91 REMOVAL FROM BIOCIDE:[2//8/91

TOTAL TIME IN BIOCIDE:_ 7. DAYS

TEST DATE:[2/i8/ 91 START TIME: l
PRESSURE: &Qﬁg psi FINISH TIME: __
FLOW RATE: 3 gpm ELAPSED TIME: L br.

TEMPERATURE:___250_________C COLLECTION TIME:__ &.0 min.

FEED CONDUCTIVITY: umhos

FEED pH:__ 7.7 DATA TAKEN BY:_ (.EM.

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 2 592 (09 x183={193x1.00 = _I79 520 2.1
2 s« HO0 083x153=819x000 = 152 40 988
3 ¢ 43 072 x183=1318x100 = _J32 J40 987

AVG. .15&.4... .!0.3.3. .9832..




BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: _FLUID SYSTEMS TEST # _36

ELEMENT # 3128 (SAMEELEMENT,NEW CUT)
MEMBRANE SHEET # _3728-14

MEMBRANE LD. # __ 2128-36

CONTROL MEMBRANE TEST DATA BEFQRE BIOCIDE EXPOSURE

TEST DATE: [0/ 91 START TIME: %g

PRESSURE! psi FINISH TIME:

FLOW RATE: gpm ELAPSED TIME: 1.2 br.

TEMPERATURE: C COLLECTION TIME:__ 5.0 min.

FEED CONDUCTIVITY: {0,000 umhos ;

FEED pH: ‘ - © DATA TAKEN BY:__KT=

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND.  REJECTION
CORR. CORR. (umbos) (%)

1 1 74  14Bx183=ZBx s = 201 _ed0 989

%2 3 o —— x183= — x—— = —— -— —

3 5 B4 L8 x183=074x075 = 235 Tio_ 281

AVG. -2kl 708, 28.8
BRANE TEST DATA AFTER BIOCIDE EX E

BIOCIDE:(LUTERALDEHYDE CONC.:__ 0.5 7o BUFFER: HCo [Na HedgpR:
IMMERSION IN BIOCIDE: 0 /_4/ 91 REMOVAL FROM BIOCIDE:[2//8/91
TOTAL TIME IN BIOCIDE: DAYS .
TEST DATE:l2/18/ 91 START TIME:____|
PRESSURE: psi FINISH TIME:___}
FLOW RATE: ) gpm ELAPSED TIME: L br.
TEMPERATURE: _ c COLLECTION TIME: min.
FEED CONDUCTIVITY: umhos
FEED pH:__ 77 DATA TAKEN BY:_(.E. M,
CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION

CORR. CORR. (umhos) (%)

1 2 59 118 x183=259x098] = _2.2 820 985
2 4 (b3 1L26x183=2200x098 = 22.6 1000982 -
3 6 5.3 126x183=806x098 = 22.6 1200 9.8

AvG. 2. 101, Q8.2
%#NO FLOW. PLASTIC ON MEMBRANE SURFACE,




BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: _FLUID SYSTEMS TEST # __ 37
ELEMENT # E :
MEMBRANE SHEET # _2728-|5

MEMBRANE 1.D. # _ &7

ROL MEMBRANE TEST DATA BEFQRE BIQOCIDE EXP RE

TEST DATE: [Q/ 2/ 91 START TIME: mrg'

PRESSURE:! psi FINISH TIME: [TiL

FLOW RATE: gpm ELAPSED TIME: L g hr.

TEMPERATURE: 22 5 C COLLECTION TIME: o) min.

FEED CBNDUCTIVITY: @q,m(2 umhos .

FEED pH: Z4_ " * DATA TAKEN BY:___ KT

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND.  REJECTION
CORR. CORR. (umbos) (%)

1 1 Ll L22 x183=223% 0752 Je8 440 292.3

2 3 56 112x183=20%2x0152 = 54 380 < 24

3 5 (02 124x183-20x0152 = 1Ll 400 < 9.3
ave. Je4. 407, 29.3

MEMBRANE TEST DATA AFTER BIQOCIDE EXPOSURE

S0DIUM BISVULF TE/

BIOCIDE:_GLYCERINE ___CONC.: L0 % [200% BUFFER: HeuNa HeOy pB: L

IMMERSION IN BIOCIDE: O/ 4/ 91 REMOVAL FROM BIOCIDE:)2//9/91

TOTAL TIME IN BIOCIDE: DAYS .

TEST DATE:[2/}Q/ 91 START TIME: /

PRESSURE: psi FINISO TIME: (fg

FLOW RATE: gpm ELAPSED TIME: A " hbr.

TEMPERATURE: c COLLECTION TIME: %S /) min.

FEED CONDUCTIVITY: umhos

FEED pH:___ 7.6 DATA TAKEN BY: (. E.M.

CELL SAMPLE MLS MLS/ 1IN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 2 45 090 x13=1647xL02 - 6B LI 98B
2’ ¢« 50 100x183-830:0L02 - 1481 < 10 28,7
3 s 45 0% x133-1047x102 - _IbB B0 986

AVG. ..lll..q... :12.3.. .284.7..




BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: _ FLUID SYSTEMS TEST # _38
ELEMENT # __3728 (SAME ELEMENT,NEW cum) .
MEMBRANE SHEET # _37128—-jb

MEMBRANE LD. # _ _37128-38

NTR MEMBRANE TEST DATA BEFQRE BIQOCIDE EXP RE

TEST DATE: %J 91 START TIME:

PRESSURE! psl FINISH TIME:

FLOW RATE: 04% gpm_ ELAPSED TIME: ] br.
TEMPERATURE: 3: C COLLECTION TIME: 0 min.
FEED CONDUCTIVITY: (0.QQ0 umhos '

FEED pH: 7.4 " DATA TAKEN BY:_AV.DL.

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND.  REJECTION

CORR. CORR. (umbhos) (%)

1 1 £33 12bx183=280x 0138 = 11,0 530 0.0
2 3 82 1M x183=1903x0738 = 140 420 993

3 5  bJd 122 x183 =223« D738 lo.5 520 9
ave. 12.8. 423, R

BRANE TEST DATA AFTER BIQCIDE EXP RE
BIOCIDE: _CONTRDL ___ CONC.: DX _WATER BUFFER: HE4 /Na HCO, pH:_5.5

IMMERSION IN BIOCIDE:_[Q/ [l/ 91 REMOVAL FROM BIOCIDE:]2/20/91

TOTAL TIME IN BIOCIDE: 70 __DAYS .

TEST DATE:[2/20/ 91 START TIME:

PRESSURE: 800 psi FINISH TIME:

FLOW RATE:___QB';B____gpm ELAPSED TIME: L. br.

TEMPERATURE:___ 25.0 C COLLECTION TIME:___&50 min.

FEED CONDUCTIVITY: Mumhos

~ FEED pH:__Z7 DATA TAKEN BY:_ C.E. M.

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION

CORR. CORR. (umbhos) (%)

1 2 _iZ_ 084 x183=1537x LO0 = 154 520 L
2 ¢ 47 094x133-120:000 = 172 570 990
3 ¢ 42 098x183-093xL00 - _119 £90 987

AvG. .. Je.8. 223, 98.9.




BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: _FLUID SYSTEMS TEST # 40
ELEMENT # ___2728 (SAMEELEMENT,NEWCUT) :
MEMBRANE SHEET # _3728-1|8

MEMBRANE LD. # __3728-40

QQNTRQL MEMBRANE TEST DATA BEFORE BIOCIDE EXPOSURE

TEST DATE: mé-g%' 91 START TIME: '
PRESSURE! psi FINISH TIME: "_L: ‘ég

FLOW RATE: ___ 0.8 _  gpm ELAPSED TIME: A br.

mnggmnm 33 e ch COLLECTION TIME: gﬁ mio.

FEED NDUCTIVITY umhos

FEED pH: 1.5 * DATA TAKEN BY:___KT,

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umbos) (%)

1 1 Bl L2 x183=208x0188 = 51 530 BRI
2 3 57 144 x183=208xQ738 = 164 4320 P33
3 5 L L20x183=2%x 0738 = 2 B30 AR
ave. 18l  4217. N2

MEMBRANE TEST DATA AFTER BIOCIDE EXPOSURE

BIOCIDE: _(ONTROL CONC.:_________ BUFFER:HCI/NaHCO3 pH: L8

IMMERSION IN BIOCIDE:_| /. 7./ 91 REMOVAL FROM BIOCIDE: | /7/9¥2
TOTAL TIME IN BIOCIDE: DAYS :
TEST DATE:_/7/ 9¥2 START TIME:
PRESSURE: 800 psi FINISH TIME:
FLOW RATE: 0.23 gpm ELAPSED TIME: X —_ br.
TEMPERATURE: 240 c COLLECTION TIME: 7. min.
FEED CONDUCTIVITY: umhos

_ FEED pH: 7.7 DATA TAKEN BY:__ KT,
CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION

CORR. CORR. (umbhos) (%)

1 2 L& 102 x183=19951p4 = 207 900 984
2’ ¢ 23 104 x13=0903104 - 198 700 988 -
3 6 _53_ Q.76 x 183 :ﬁ.ﬂLxLﬂ_= 155 OBO M

AVG. -JB.:B.- .1@0.. .9802..




BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: _FLUID SYSTEMS TEST # 43

ELEMENT # ___R728 (SAME ELEMENT NEWCUT)
MEMBRANE SHEET # _3728-2|
MEMBRANE L.D. # _ 3728-43

CONTROL MEMBRANE TEST DATA BEFQRE BDIOCIDE EXPOSURE

TEST DATE: Lo_ébg_é/ 91 START TIME: 1

PRESSURE! psi FINISH TIME: 1

FLOW RATE: ___ OB __ gpm ELAPSED TIME: br.
TEMPE&;\TURE: 33 c COLLECTION TIME: o) min.
FEED NDUCTIVITY: QQ,Qm umhos .

FEED pH: iy N/ N *  DATA TAKEN BY:_ _ KT.

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION

CORR. CORR. (umhos) (%)

1 1 £3 L2 x 183 =23.0bx 138 d1.0  LlO 2920
2 3 D59 LG x183=25%0I38 = 159  2AD_ 224
3 5 14 148 x183-72008x 0138 = 200 410 2 9.2

ave. . 480 22.2

MEMBRANE TEST DATA AFTER BIQCIDE EXPOSURE
BIOCIDE: CLONTROL ___ CONC.:_______ BUFFER: HCe /Ma HCO, pE:_ 7.0 __

IMMERSION IN BIOCIDE: K / /] / 91 REMOVAL FROM BIOCIDE:/ /b /ox2
TOTAL TIME IN BIOCIDE:_ 90 DAYS ;

TEST DATE:[l/f/! 92 START TIME: [5[9
PRESSURE:______ D ____  ___psi FINISH TIME:____[A]8

FLOW RATE: D gpm ELAPSED TIME: 1.0 br.
TEMPERATURE: 24.5 (o} COLLECTION TIME: &.D min.
FEED CONDUCTIVITY: 58 000 umhos

_ FEED pH:___77 DATA TAKEN BY:_( E.M.
CELL SAMPLE MLS MLS/AIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 2 43 0806 x183=8Mx LQ2 = _lb.} 270 988
2’ 4 BH0 100 x183=[830x 102 = JR.7 550 99, -
3 6 4l 092 x183 =lBx 102 = (1.2 740 987

ave, 1.3 23, 28.2.




BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: _FLUID SYSTEMS_ TEST # _4%
ELEMENT # 2128 (SAME ELEMENT, NEW CuUTD -
MEMBRANE SHEET # _272@-2o

MEMBRANE LD. # __ 3728-48

CONTROI MEMBRANE TEST DATA BEFORE BIOCIDE EXPOSURE

TEST DATE: 10/ 4 / 9 START TIME:

PRESSURE: ____ 800 psi FINISE TIME: ¥ igﬁtg-mf —
FLOW RATE: ___ 0.9 gpm ELAPSED TIME: L % br.
TEMPE(I:%TURE: 2 C COLLECTION TIME: 5 mip.
FEED COBNDUCTIVITY: Q000D  umhos ~

FEED pH: 11 - ' DATA TAKEN BY: KT~

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION

| CORR. CORR. (umhos) (%)
1 1 74 148x183=210Bx0T5 = _2l5 _ZO 98P
2 3 792 158 x183=72891x 0795 220  _QbD 289

3 5 75  1.50 x 183 = 2045x D195 21.% 740 _ 98 8
AVG. .Z.Z.'..l.. .700.. .28.’&

MBRANE TEST DATA AFTER BIOCIDE EXP
BIOCIDE: $ALICYL . ACIDCONC.:0.2% _ BUFFER: [HC: /Nfa HCO, pB:_&.0

IMMERSION IN BIOCIDE: /2/./// 91 REMOVAL FROM BIOCIDE:/ /8/ox2

TOTAL TIME IN BIOCIDE: DAYS .

TEST DATE: //8/ 9v2 START TIME:

PRESSURE: 8 psi FINISO TIME: 9

FLOW RATE: , gpm ELAPSED TIME: L "hr.

TEMPERATURE: 26.0 c COLLECTION TIME: 0 min.

FEED CONDUCTIVITY: 9000 umhos

FEED pH: 7.6 DATA TAKEN BY:

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 2 20O 140 x183=25620%2 = 24.& li3o Bl
2 ¢ 22 LHAxw3-wo%2- 253 130 984
3 6 LB 130 x133=2489x0%2 - 239 1000 96.3

Ave. 24.6.. 1087, B2,
¥ OVERHEATED. CoOLED AT 400 PSI wi™ Fan AnD EVA PORATION .




BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: _FLUID SYSTEMS TEST # _ 49

ELEMENT # _3728
MEMBRANE SHEET # _3123_27
MEMBRANE 1.D. # _3728-49

TR EMBRANE TEST DATA BEFORE BI IDE EX E
TEST DATE: _ 91 START TIME: L
PRESSURE: _ psi FINISH TIME:
FLOW RATE: 0. gpm ELAPSED TIME: 1.O br.
TEMPERATURE: 2. C COLLECTION TIME:__5.0 min.
FEED CONDUCTIVITY: &0,Q00 umhos
FEED pH: 2l . DATA TAKEN BY:__KT-
CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umbhos) (%)

1 1 59 LB x183=2859x0752 = b2  LBO 989

2 3 04 12Bx183=284x0752 = 1l 520 2.1

3 s ©4 128x183=2342x0752 = 116 540 L AR

ave. L. 580 R0
BRA EST DATA AFTER BIOCIDE EXP

BIOCIDE: SALICYLIC AC\D> CONC.:_0.l % _ BUFFER: HCs/Nea HCO, pH: 5.8

IMMERSION IN BIOCIDE: {0/ 1] ] 91 REMOVAL FROM BIOCIDE:/ /10/912

TOTAL TIME IN BIOCIDE:_9] DAYS

TEST DATE:l/10/ 912 START TIME:___ |

PRESSURE: % psi FINISH TIME:

FLOW RATE: 0. gpm ELAPSED TIME: 1.0 hr.

TEMPERATURE: Cc COLLECTION TIME:__5§8.0 min.

FEED CONDUCTIVITY: umhos

FEED pH: 26 DATA TAKEN BY:__(.EM.

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 2 A5 LD x183=203x098] = 197 (40 989
2 4 B5 110 x183=2013x098] = 1082 _ = 50 RO
3 ¢ A48 (09 x183=11572x098l = _17.2 560 R0

ave. -18.9. 581 R0




BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: _FLUID SYSTEMS TEST # __50

ELEMENT # _ 2728 _
MEMBRANE SHEET # 23728-28
MEMBRANE 1.D. # _3728-50

CONTROL MEMBRANE TEST DATA BEFORE BIOCIDE EXPOSURE

TEST DATE: 4 91 START TIME: 2%
PRESSURE: _ psi FINISH TIME:

FLOW RATE: gpm ELAPSED TIME: LO hr.
TEMPERATURE: 2 C COLLECTION TIME:___A.0 min.

FEED CONDUCTIVITY: £0,00D umhos

FEED pH:  DATA TAKEN BY:__ KT
CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD  COND.  REJECTION
CORR. CORR. (umhbos) (%)

1 x. bl J.Z.Zx'xs.3=zza§xa.1a5 Jl 580 2.0
P 3 59  LiIBx183=0ExDIS = _1b5 440 P2

3 5 (4 128x183=2842x0765 = 112 480 22
ave. J12. BQ 2.2

BRANE T DA R BIOCID P R
BIOCIDE: SAUICYUIC At CONC.:_0.0! Yo BUFFER: HCs /Mo HCOs pH: 57
IMMERSION IN BIOCIDE: {0/{] / 91 REMOVAL FROM BIOCIDE: | /|0/9Y2
TOTAL TIME IN BIOCIDE: DAYS
TEST DATE:/l/lQ/ 972 START TIME: 1425
PRESSURE: 800 psi FINISH TIME: 1825
FLOW RATE: 0.3 gpm ELAPSED TIME: LO br.
TEMPERATURE:____25.0 C COLLECTION TIME:__5.0 min.
FEED CONDUCTIVITY: 52,000 umhos
FEED pH: 16 DATA TAKEN BY:__ C.E.M.
CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)
1 2% 47 094 x183=_—x 00 = — 3300 —

2 ¢ 5B L02x183=1867x 100 = _IB7  bLD 988
3 6 52 104 x183=1903x100 = _.0 L0 289

Ave. -1B2.. 3R  9283.
% PINHOLE FOUND 1) MEMBRANE .




BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: _FLUID SYSTEMS TEST # _55

ELEMENT # _ 2728

MEMBRANE SHEET # _3123_&_____
MEMBRANE 1.D. # __3728- 55

RAN TD BEFORE ID
TEST DATE: 13528‘ / 91 START TIME:
PRESSURE: psi FINISH TIME:
FLOW RATE: __ 0O/9 __  gpm ELAPSED TIME: 0 br.
TEMPERATURE: 29 C COLLECTION TIME:__&.0 min.
FEED CONDUCTIVITY: Ll QQQ umbos
FEED pH: 1.4 DATA TAKEN BY:_ KT,
CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umbos) (%)

1 1 A7 L4 x183-208n 0857 = 112 S0 2992
2 3 fed4 128 x 183 =2342x 0857 201 520 AR
3 5 Lo 132 x183 =24.lbx 0857 207 oo b X

ave. 1% 340 R0

E R P
BENZALKONIUM \DE/

BIOCIDE: EDTA (50:50) CONC.:_ 0.5 9 BUFFER: HAI /N AH(COg pH: 5.8 _

IMMERSION IN BIOCIDE: JQ/ |l / 91 REMOVAL FROM BIOCIDE: [ /13/9Y2

TOTAL TIME IN BIOCIDE: DAYS

TEST DATE:L/[%/ 972 START TIME:

PRESSURE: psi FINISH TIME: 3%

FLOW RATE: : pm ELAPSED TIME: hr.

TEMPERATURE: 5 _____C COLLECTION TIME:__5.0 min.

FEED CONDUCTIVITY: umhos

FEED pH:___77 DATA TAKEN BY:_ (.E.M.

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umbhos) (%)

1 2 852 104x183=190%102 = 194 130 987
2 ¢ B2 104x183=00%102 = 194 L0 989
3 6 41 082x183=5B0x102 = _153 1050 982

AvG. --J8.0.. T2 S84..




BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: _FLUID E:[EM TEST # _56
ELEMENT # _23ng
MEMBRANE SHEET # _iz,ﬁ_,_
MEMBRANE 1.D. # _32728-50

NTROL MEMBRANE TEST DATA BEFORE BIOCIDE EXP RE

TEST DATE: [0/ 91 START TIME:

PRESSURE: psi FINISH TIME:

FLOW RATE: gpm ELAPSED TIME: hr.
TEMPERATURE: C COLLECTION TIME: Vo) min.
FEED CONDUCTIVITY: umhos

FEED pH: 2 : DATA TAKEN BY:_K-T.

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION

CORR. CORR. (umbhos) (%)
1 1 15 1B0x183=2045x0825 = 224 820 982
2 3 7.0 _140x 183 = 2542« 0.875 28 bBO 93832

3 5 B0 162x183:=2U5x0P825 = 245 180 2 982
AvG. 220 150, 988

BR TEST DATA R BIOCIDE EXP

BENZALKONIWM CHLORIDE /
BIOCIDE: £UTA (50150) CONC.:__Q./ %  BUFFER: HC\NaH(O3 vH: 5.6
IMMERSION IN BIOCIDE: {0/ 91 REMOVAL FROM BIOCIDE: | /I3/9r2
TOTAL TIME IN BIOCIDE: DAYS

TEST DATE: /I3 9x2 START TIME:
PRESSURE: psi FINISH TIME:
FLOW RATE: 0.k gpm ELAPSED TIME: /] hr.
TEMPERATURE:____ 25,5 C COLLECTION TIME: 0 min.

FEED CONDUCTIVITY: Mumhos

FEED pH:___ 7.7 DATA TAKEN BY:__ KT
CELL SAMPLE MLS MLS/MIN AREA TEMP.  GFD COND. REJECTION
CORR. CORR. (umbhos) (%)

1 2 87 L4 x183=2086x098] = 20.5 /Y] 987
2 4 Ll 132r183=-24lbx098 = 237 880 985
3 6 b4 1286x183-2242x0981 - 230 O 984

AVG. ..2.-2...'.1. ..359. .9.&&5...




BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: _FLUID SYSTEMS TEST # __57

ELEMENT # _3728
MEMBRANE SHEET # _,5123_55
MEMBRANE 1.D. # ___23128- 57

MBRANE TEST DATA BEFORE BIOCIDE EXP RE

TEST DATE: 91 START TIME: I[_g

PRESSURE: _ psi FINISH TIME:

FLOW RATE: OL8 gpm ELAPSED TIME: br.

TEMPERATURE: EY] c COLLECTION TIME: 6‘0 min.

FEED cormncnvny £[,000  umbos

FEED pH: __Z7.4 DATA TAKEN BY:___ KT

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND.  REJECTION
CORR. CORR. (umbos) (%)

1 1 L9 12Hx183=252x0795 = 200 €0 980
2 3 24 148 x183=2108x 0?5 = 2.5 850 S8l

3 5 B0 1e0x183=292x018S = 233 Lko B3
avg. 2. L I120. 281

BRANE DATA AFTER BIOCIDE EXP
BENZALKONMUM CHLORIDE/
BIOCIDE: _;m_(iajo)__conc { BUFFER: HCI/NaHCO3 pH: 6.5
IMMERSION IN BIOCIDE: {0/ REMOVAL FROM BIOCIDE: | /[3/9¢2
TOTAL TIME IN BIOCIDE: mws
TEST DATE: /L3 or2 START TIME: ]
PRESSURE: _800 psi FINISH TIME:
FLOW RATE: __%gﬂ____gpm ELAPSED TIME: L br.
TEMPERATURE: 0 C COLLECTION TIME:___S.0 min.
FEED CONDUCTIVITY: 58,000  umhos
FEED pH: 2.7 DATA TAKEN BY:_ (.E.M.
CELL SAMPLE MLS MLS/MIN AREA TEMP.  GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 1 Ll 134 x13=245x100 = 245 70 2 988
2 4 a2 1LMx13=-U5x100 = 245 30 2 981
3 6 52 104 x183=)903x100 = _{9.0 650 989

AVG. .42.2:.’2.. .bﬂ. .%&B..




BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: _FLUID SYSTEMS TEST # _ 6l
ELEMENT # __SE 3730 (NEWELEMENT)¥
MEMBRANE SHEET # _3730-
MEMBRANE LD. # _ 3730 -4

CONTROL MEMBRANE TEST DATA BEFORE BIOCIDE EXPOSURE

TEST DATE: 91 START TIME:

PRESSURE: psi FINISH TIME: 1015

FLOW RATE: gpm ELAPSED TIME: LO hr.

TEMPERATURE: __ 30 C COLLECTION TIME:__ 5.0 _ _ min.

FEED CONDUCTIVITY: GO,000  umhos

FEED pH: 7.l DATA TAKEN BY:_ KT

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 1 50 _LoOx183=/8%0x0825 = 1S540 910 284
2 3 852  L0bx133=1940x0825 = _1b0 560 AR

3 5 &5 120x183=2219x0825= _196 LIDO Bo
avG. Je.9 3. 988

MEMBRANE TEST DATA AFTER BIOCIDE EXPOSURE
. BIOCIDE: _SORBIC ACID CONC.:_0,)%0o __BUFFER: HL\[NgHCOa pH: 5.5

IMMERSION IN BIOCIDE: JQ /R / 91 REMOVAL FROM BIOCIDE: | /|{/o12

TOTAL TIME IN BIOCIDE: AYS

TEST DATE:l/4/ sr2 START TIME:

PRESSURE: psi FINISH TIME:

FLOW RATE: pm ELAPSED TIME: 1 hr.

TEMPERATURE: C COLLECTION TIME: min.

FEED CONDUCTIVITY: umhos

FEED pH:__7.7 DATA TAKEN By:_ C.E.M,

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. OORR. (umbos) (%)

1 2 41 094 :183=1120x1104 = _19.0 K0 Kl
2 ¢ B 102 x183=1867xL104 = 206 < 40 989
3 ¢ D6 112 x183=00x1109 = 22,6 £30 990

¥SAMPLES STORED W 40% 6GuvceroL  Ave. -#2Z. 881 290
AND GLUTEALDENYDE,




BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: m&sﬁmﬁ_‘ TEST # _&62 .

ELEMENT # _SE 3720 (NEW ELEMENT)™
MEMBRANE SHEET # 330-2

MEMBRANE L.D. # 3730 -42

CONTROL MEMBRANE TEST DATA BEFORE BIOCIDE EXPOSURE

TEST DATE: [O/ 91 START TIME:

PRESSURE: psi FINISH TIME: 1

FLOW RATE: Og@ gpm ELAPSED TIME: 1.0 hr.

TEMPERATURE: | C COLLECTION TIME:___5.0 min.

FEED CONDUCTIVITY: Q,OC) umhos

FEED pH: 28 . DATA TAKEN BY:_KT

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD  COND. REJECTION
CORR. CORR. (umbos) (%)

1 1 8Bl Le2:183=065075 = 23L %0  BY
2 3 10  140x183=2542x0795 = 204 6800 2 983
3 [ 20 142 x 183 =259x 0795 = 207 B0 Bl

AvG. ALk, Bl 286

MEMBRANE TEST DATA AFTER BIOCIDE EXPOSURE
BIOCIDE: _SORBIC ACID CONC.:__0.05 °b' BUFFER: HC\ [NaH(CDa pH: 6.5

IMMERSION IN BIOCIDE: 10/ |8/ 91 REMOVAL FROM BIOCIDE:| /M/ar2

TOTAL TIME IN BIOCIDE: AYS

TEST DATE: /4 srz START TIME: |

PRESSURE: _800 psi FINISH TIME:

FLOW RATE: gpm ELAPSED TIME: 1. hr.

TEMPERATURE: C COLLECTION TIME: . min.

FEED CONDUCTIVITY: smhos

FEED pH: 17 DATA TAKEN BY:__(L.EM.

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 3 0 140x183=254x102 = 201 1050 981
2 4 20 _1490=x183 ML.QL 2] 1000 982
3 ¢ L5 130x183=23P9x102 = 243 950 B3

avG. 22.5. 10 ;w2
¥ SAMPLES STORED IN 40% GLYCEROL AND SLUTEALDEHYDE.




BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: _FLyiD SYSTEMsS TEST # __ 63

ELEMENT # _sSg 3730
MEMBRANE SHEET # _3720-3

MEMBRANE L.D. # _3230-(3

CONTROL MEMBRANE TEST DATA BEFORE BIOCIDE EXPOSURE

TEST DATE: 10/ 91 START TIME: 1295

PRESSURE: psi FINISH TIME: ___J405

FLOW RATE: X gpm ELAPSED TIME: ___[.3 _ hr.

TEMPERATURE: C COLLECTION TIME:___S0 min.

FEED CONDUCTIVITY: &O,0(XD umhos

FEED pH: y A" _ DATA TAKEN BY:__KT.

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umbhos) (%)

1 1 48 D%x183=[15:025 = _34 300 RS
2 3 54 108x183=97x0X5 = 51 380 224

3 S LO  L20x183=2Nex0kt = I8 540 @ 221
AVG. J5.J.. .ﬂ'Dl .9.?.3.

BIOCIDE:_SORBICALID coNc.:_0.0! Yo BUFFER: HC) [NaH(COa pH:_ 5.5

IMMERSION IN BIOCIDE:_|Q/. 91 REMOVAL FROM BIOCIDE: | /|4/9v2

TOTAL TIME IN BIOCIDE: DAYS

TEST DATE: /M) 912 START TIME: ’382

PRESSURE: psi FINISH TIME: |

FLOW RATE: , gpm ELAPSED TIME: 1.0 hr.

TEMPERATURE: : _ C COLLECTION TIME:_ 5.0 min.

FEED CONDUCTIVITY: 57,000 umbhos

FEED pH: 72 DATA TAKEN BY:_(C.E-M.

CELL SAMPLE MLS MLSMIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (ambos) (%)

1 2 LS5 LIOx183=23Px098 = 233 J20 2 987
2 « 51  102x183=)841xQ98 = 183  £30 990
3 ¢ 45 00x183=141x098] = bl 7280 9Bé

ave. 22, 0. 88




BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: _FILNTEC TEST # [
ELEMENT # __AlI391874
MEMBRANE SHEET # /

MEMBRANE LD. # 1874-1

TEST DATE: 9/ 4/ 9 START TIME: ]

PRESSURE: 800 psi FINISH TIME: ]

FLOW RATE: [5) gpm ELAPSED TIME: I br.

TEMPERATURE: 2 C COLLECTION TIME:__ 4.0 min.

FEED CONDUCTIVITY: umhos

FEED pH: 7.0 DATA TAKEN BY:__ KT

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 1 84 210 x183=3843x083b = 321 810 2.1
2 3 80 200x183=3bex0f30 = 206 K50 9.0

3 s 84 210 x183=2843:0835 = 3221 475 P2
AVG. W Rl2. K- AR

BENZALKONIUM
BIOCIDE: _CHLORIRE _ CONC.:__0.5 % __BUFFER: HCI/NaHCO3 pH: &.85 _

IMMERSION IN BIOCIDE:_9 / 26/ 91 REMOVAL FROM BIOCIDE:[2/2 /91
TOTAL TIME IN BIOCIDE: 47 DAYS

TEST DATE:[Z/2/ 91 START TIME: ___ |
PRESSURE: 800 psi FINISH TIME:
FLOW RATE: " 0.2 gpm ELAPSED TIME: 1.0 hr.
TEMPERATURE: 2 Cc COLLECTION TIME: __ 5.0 min.
FEED CONDUCTIVITY: 5,0 umhos
FEED pH: 7.8 DATA TAKEN BY:__AV.DL.
CELL SAMPLE MLS MLSMIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umbos) (%)

1 2 00 x183= = x = = _—— — —_

2 4 00 — 21832 — x =— = _—— h— _—

3 ¢ 00 — x183=e—x— = _—— — ha—




BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: _FiLMTEC TEST # _ 2
ELEMENT # _ A/15391874
MEMBRANE SHEET # 3
MEMBRANE L.D. # 1874-2

AN F 10CI RE
TEST DATE: 2/ .5/ 91 START TIME: 1205
PRESSURE: 800 psi FINISH TIME: [30S
FLOW RATE: _____ 0.7 _ gpm ELAPSED TIME: L O hr.
TEMPERATURE: _%c COLLECTION TIME:___4.0 min.
FEED CONDUCTIVITY: umhos
FEED pH: 1.0 DATA TAKEN BY:___ K. T
CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)
1 1 83 2.08x 183 =3Bex 0835 = 3.8 20 98.9
2 3 £0 200x183=2%40x0835 = 30.b 800 8.6
3 s ©3 20 x183=WhLx0fB = 38 280 283
AvG. 3.4 -3 28
BENZALKONIUM o
BIOCIDE: _CHLORIDE ___ CONC.._0. % __ BUFFER: HCI/NaHCOa pH: 7.3
IMMERSION IN BIOCIDE:_9/26/ 91 REMOVAL FROM BIOCIDE:{2/2/91
TOTAL TIME IN BIOCIDE:_{p7 DAYS
TEST DATE:[2/2/ 91 START TIME: 5
PRESSURE:________B800 _ ___ psi FINISH TIME: i
FLOW RATE:____ .78 gpm ELAPSED TIME: l. br.
TEMPERATURE: ____2 C COLLECTION TIME:__20 min.
FEED CONDUCTIVITY: umhos
FEED pH: 2.8 DATA TAKEN BY:
CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION

CORR. CORR. (umbos) (%)
1 2 325 QU7x183=2M4x090 = 2.1 = (LB 819
2 ¢ 4l QI53x183=280:090 = 27 @ 4600 9.8
3 ¢ 45 0150x183=275x0970 = _2.7 5200 907
AvG. -2:2.. RBF 2.l




BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: __FILMTEC TEST # __3

ELEMENT # Al32/824
MEMBRANE SHEET # 4

MEMBRANE LD. # _/874-3

TEST DATE: _9/. &5/ 91 START TIME: 410
PRESSURE: 800 psi FINISH TIME: 1510
FLOW RATE: 0.-6S gpm ELAPSED TIME: Lo hr.
TEMPERATURE: 340 C COLLECTION TIME: __40 min.
FEED CONDUCTIVITY: £8,000 umhos
FEED pH: __ 6.95~7.00 DATA TAKEN BY:
CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)
1 1 83 208 x183=380x D83 = Bl 522 B
2 3 8.35 2.9 x 183 = 3825 ,83° = _31.7 (4SO 99.9
3 5 g.o 2.00 x 18.3 = 3.L0x 0.22° = _304 480 P%.2

AVG. 22 L20 224

MEMBRANE TEST DATA AFTER BIOCIDE EXPOSURE
BENZALKONIUM
BIOCIDE: _CHLORIDE __ CONC.:_0.01 % __BUFFER: HCI/NaHCOp pB: (080

IMMERSION IN BIOCIDE: 9 /27/ 91 REMOVAL FROM BIOCIDE:{2/3/91

TOTAL TIME IN BIOCIDE: DAYS

TEST DATE:[2/3/ 91 START TIME: ’Qg

PRESSURE: 800 psi FINISH TIME: TE!

FLOW RATE: . pm ELAPSED TIME: -0 hr.

TEMPERATURE:___ 26. C COLLECTION TIME:___{D min.

FEED CONDUCTIVITY: umhos

FEED pH:____7.8 DATA TAKEN BY:__(.E.M.

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umbos) (%)

1 2 43 0Bx183=181x095= 15 4400 2.
2 4 42 0A42x183=163x0955= 213 240 939
3 ¢ 51 Qb x183=933:0955= B9 S0 8.8

AVG. ...74.2... -4@ .9.'.-‘-9..




BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: _F/{MTEC TEST # 4
ELEMENT # Al32/874
MEMBRANE SHEET # -

MEMBRANZ 1.D. # __ /874-4

BRAN T FORE | RE
TEST DATE: 2/ 5/ 91 START TIME: 15640
PRESSURE: 800 psi FINISH TIME: 1640
FLOW RATE: 0.5 gpm ELAPSED TIME: 1.0 hr.
TEMPERATURE: __ 33.5 C COLLECTION TIME:__5.0D min.
FEED CONDUCTIVITY: 58000 umhos
FEED pH: 7.5 DATA TAKEN BY:
CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umbhos) (%)

1 1 25 150 x183=3411x0.825 = 20 880 385

2 3 9.5 190 x183=24.71x 0835 = 29.0 900 9.4

3 s S 192 x183=2814x0826 = 2923 740 98.7

Ave., 22l 240 .98.5
MB FTER D
BIOCIDE: _MEMSTORE _ CONC.: z% BUFFER:___NONE pH:_5.5
IMMERSION IN BIOCIDE:_9 /24/ 91 REMOVAL FROM BIOCIDE:[2/3 /91
TOTAL TIME IN BIOCIDE: {8 DAYS
TEST DATE:[2/3/ 91 START TIME: 20
PRESSURE: ) psi FINISH TIME:___| _
FLOW RATE: i pm ELAPSED TIME: 1.0 br.
TEMPERATURE: C COLLECTION TIME:____ 5.0 min.
FEED CONDUCTIVITY: umbos
FEED pH: 7.8 DATA TAKEN BY:__C.E.M.
CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 2 Ld 122 x183=-223%0955 = 21.> 2350 X4
2 4 58 1l x183=223x0955= 203 280 993
3 ¢ LO 20 x 183 =296x 0955 = 21.0 480 R4

AvG. -20:2. 4032 9.3




BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: _FILMTEC TEST # _ 5

ELEMENT # A1321874
MEMBRANE SHEET # b
MEMBRANE I.D. # __|1874-5

N D I R
TEST DATE: 9/ &/ 91 START TIME: _Qﬁ%g
PRESSURE: _____ Q60 psi FINISH TIME: 0930
FLOW RATE: gpm ELAPSED TIME: L0 hr.
TEMPERATURE: 32.6 C COLLECTION TIME:__4.0 min.
FEED CONDUCTIVITY: 57,200 umhos
FEED pH: 7.5 _ DATA TAKEN BY:__ KT,
CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND.  REJECTION

CORR. CORR. (umhos) (%)

1 1 1.9 L97 x183 = 2l 0.850 = _R.b LOO 99.0
2 3 1.7 193 x183 =203 0850 = _30.0 470 9.2

3 5 Zlo 10 x183=ATIx08O= 295 550 290
AVG, 200 ..5.4.9 22.1

EMBRA TA A IDE EXP
BIOCIDE:__PROGARD CONC.:__20% _ _BUFFER:___NONE pH:__5.3
IMMERSION IN BIOCIDE: 9/ 91 REMOVAL FROM BIOCIDE:(2/4/91
TOTAL TIME IN BIOCIDE: DAYS
TEST DATE:[2/4/ 91 START TIME:__%Z?S
PRESSURE: psi FINISH TIME: %

FLOW RATE: gpm ELAPSED TIME: -2 hr.

TEMPERATURE: __ Cc COLLECTION TIME:__ 5.0 min.

FEED CONDUCTIVITY: 54,000 umhos

FEED pH: 7.8 DATA TAKEN By:__C.E M.

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umbos) (%)

1 2¥ 14 148x183-2208« LOD = 211 « 2000 839
2 & L2 124x183=%4h 100 = 220 30 939
3 & £0 120x183=219x 100 = _22.0 _gd0 985

ave. 232, A3 22..

MWEMBEANE SVRFACE SHOWED HEAVY DYE OPTAKE . MEMBRANES WERE
DAMAGED, THIS TEST SHOULD BE REPERTED.




BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: __FI L MTEC TEST # 7

ELEMENT # Al29/874
MEMBRANE SHEET # Z
MEMBRANE I.D. # 824-6

CONTROL MEMBRANE TEST DATA BEFORE BIOCIDE EXPOSURE

TEST DATE: 9/ &/ 91 START TIME:
PRESSURE: OO psi FINISH TIME: 505

FLOW RATE: 0.7 gpm ELAPSED TIME: LO hr.

TEMPERATURE: _amc COLLECTION TIME:___5.0 min.

FEED CONDUCTIVITY: umbhos

FEED pH: 7.0 _ DATA TAKEN BY:__ KT

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 1 23 [Bbx1s3=340k 080 = 284 530 Kl
2 3 3936 L87xu1s3=-AN«0840= 287 700 98.8

3 s 95 190 x183=41k 0840 = 292 &70 98.8
AVG. 288 .63 28.2

MEMBRANE TEST DATA AFTER BIOCIDE EXPOSURE
SUBSTITUTED 0

BIOCIDE: 1SOTHIOZOUNAECONC.:__0.5 % BUFFER: HCINAHCO, pB:_7.2

IMMERSION IN BIOCIDE: 2 /2({/ 91 REMOVAL FROM BIOCIDE:[2/4/91

TOTAL TIME IN BIOCIDE: &9 DAYS

TEST DATE:[2/4/ 91 START TIME: %

PRESSURE: psl FINISH TIME: 1

FLOW RATE: gpm ELAPSED TIME: 0 br.

TEMPERATURE: ____ C COLLECTION TIME: 5.0 min.

FEED CONDUCTIVITY: 506,Q0X0D umbos

FEED pH: 7.8 DATA TAKEN BY:___C.E.M.

CELL SAMPLE MLS MLSMIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umbos) (%)

1 2 flo L22x183=2Ulox0¥5= 228 L15 2 988
2 4 bS5 120x183=Tx0985= 224 490 9.
3 6 L9 138 218322525096 = _29.9 £70 288

AVG. 240 Ll2. 2.




BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: FILMTEC TEST # 7
ELEMENT # A1321874
MEMBRANE SHEET # 8

MEMBRANE LD. # __[(874-7

NTROL MEMBRANE TEST DATA BEFORE BIOCIDE EXP RE

TEST DATE: 9/ & / 91 START TIME: /1355

PRESSURE: '%c'n psi FINISH TIME: {455

FLOW RATE: _0._1%5___ gpm ELAPSED TIME: 7.0 hr.

TEMPERATURE: C COLLECTION TIME:___ 4.0 min.

FEED CONDUCTIVITY: @ umhos

FEED pH: 7l DATA TAKEN BY:___K. T

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 1 82 205x183=315Ix083% = 3.3 520 99.1
2 3 81  2.03x183=31S5x QB35 = 3.0 520 5.1
9.

3 5 775 194 x183=250x 0835 = 29.b 580 ,
AVG. 22l 540 99.1

EMBRANE T R_BIOCIDE EX RE
BIOCIDE: |STMRROLNGNE . CONC.:_0.18% _BUFFER: :HCI/NaHCOa pB: T.0
IMMERSION IN BIOCIDE:_Q /24/ 91 REMOVAL FROM BIOCIDE:{2/4 /91

TOTAL TIME IN BIOCIDE: 9 DAYS
TEST DATE:2/4/ 91 START TIME:_ _ |

PRESSURE: 800 psi FINISH TIME:___}4

FLOW RATE: 075 gpm ELAPSED TIME: 1 hr.

TEMPERATURE: __265 _______C COLLECTION TIME:___ 5.0 min.

FEED CONDUCTIVITY: 54,000 _umbos

FEED pH:__ 7.8 DATA TAKEN By:_ (.E.M.

CELL SAMPLE MLS MLSMIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 2 10 140 x183=25Lx0955= 245 920 2 98.3
2 4 Lllo 132 x183=241bx0955= 224 LRO 988
3 6 4 128 x183-2342:0955 = 224 480 B.I_

avG. 233, @33 987




BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: FUMTEC TEST # 8

ELEMENT # Al1391874
MEMBRANE SHEET # o
MEMBRANE L.D. # /874-8

CONTROL MEMBRANE TEST DATA BEFORE BIOCIDE EXPOSURE

TEST DATE: _9/ 91 START TIME: /523
PRESSURE: ﬁ psi FINISH TIME: 162,

FLOW RATE: 0, gpm ELAPSED TIME: [.0 br.

TEMPERATURE: . C COLLECTION TIME:___S.0 min.

FEED CONDUCTIVITY: _58,000 umhos

FEED pH: 57 - DATA TAKEN BY:__ K 7T-

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umbhos) (%)

1 1 945 182 x183=35x 083 28.9 440 99.2
2 3 9.3 186 x183=2404x08%5 284 450 99.2

3 5 13_ .L.% x 183 = Mx m@ 2@4 Am 99.2
avG. -28:2 42 922

EMBRANE T ATA_ AFTER BIOCIDE EXP R
SUBSTITUTED o
BIOCIDE: SOTHIAZOLINONECONC.: __0.0! %___BUFFER: HCI/NaHCOz pH:_ 7.4
IMMERSION IN BIOCIDE:_9 /26/ 91 REMOVAL FROM BIOCIDE:/2/4 /91
TOTAL TIME IN BIOCIDE: DAYS
TEST DATE:[2/4/ 91 START TIME:
PRESSURE: E%g psi FINISH TIME:____|
FLOW RATE: pm ELAPSED TIME: 1 hr.
TEMPERATURE: ____206.0 o) COLLECTION TIME: .0 min.
FEED CONDUCTIVITY: 56,000 umhos
FEED pH: 2.8 DATA TAKEN BY:_C.E.M.
CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 2 10 L40x183=256x090 = 242 e£l0 988
2 4 L5 130x183=23T%Q90 - 231  &50 988

3 6 - x 183 = x =

AVG. -240.. L0 88




BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: __FILMTEC TEST # 2
ELEMENT # _____A139/874
MEMBRANE SHEET # 10

MEMBRANE L.D. # __/874-9

F RE

TEST DATE: 9/ 91 START TIME:
PRESSURE: psi FINISH TIME:
FLOW RATE: 0.7 gpm ELAPSED TIME: hr.
TEMPERATURE: C COLLECTION TIME: ¥a) min.
FEED CONDUCTIVITY: umbhos
FEED pH: 7.0 DATA TAKEN BY:__ K. T~
CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION

CORR. CORR. (umbos) (%)

1 1 84 210 x183=384%x 0820 = 3.9 50 9.1
2 3 B8O 2.00x183=3bxp830 = 30. LS50 8./
3 s 84 20 x183=3843% 0830 = 3.9 415 99.2
AVG. .3.'.&&. .‘5[2;. .22'.[.

MEMBRANE TEST DATA AFTER BIOCIDE EXPOSURE

BIOCIDE:_ BCDMH______conc.:_loomg/L BUFFER: HCI/NaHCO3 pB: (5

IMMERSION IN BIOCIDE: 9 /26/ 91 REMOVAL FROM BIOCIDE#2/5/91
TOTAL TIME IN BIOCIDE: D DAYS

TEST DATE:[2/5/ 91 START TIME:

PRESSURE: 800 _ psi FINISH TIME:

FLOW RATE: 0. gpm ELAPSED TIME: / br.

TEMPERATURE: C COLLECTION TIME:___&8.,00 min.

FEED CONDUCTIVITY: umbhos

FEED pH:____7.8 DATA TAKEN BY:_ (. .E.M.

CELL SAMPLE MLS MLSMIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umbos) (%)

1 2 L0 120 x183=2%x0985= 2.6 480 99
2 s L0 120 x183=29x0985= 21 480 P1
3 ¢ 57 Ll4 x183=208x0986=- 2056 30 R3

ave. 212, 40 »2.




BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: FILMTEC TEST # 10
ELEMENT # Al391874
MEMBRANE SHEET # I7i

MEMBRANE L.D. # 1874 - /0

TEST DATE: 9/ 9/ 91 START TIME: 20
PRESSURE: 800 psi FINISH TIME: ﬁ

FLOW RATE: s gpm ELAPSED TIME: LO hr.

TEMPERATURE: COLLECTION TIME:____ 5.0 min.

FEED connucnvrry 5&, 000 umhos

FEED pH: DATA TAKEN BY:___K /..

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND.  REJECTION
CORR. CORR. (umbos) (%)

1 1 9.0 182 x183 =333Ix 0840 28.0 £00 99.0
2 3 91 182 x183=333x0840 = 280 700 988

3 s 92 184 x183=33¢]x 0,840 28.3 06O 98.9
AvG. -Z8L. LR 28.2

MEMBRANE TEST DATA AFTER BIOCIDE EXPOSURE
BIoCIDE:_BGDMH_____ coNc.:_iomg/Lt_ BUFFER: HCI NakCOg pB:_ O.4

IMMERSION IN BIOCIDE: 9 /2& 91 REMOVAL FROM BIOCIDE:{2/5 /91
TOTAL TIME IN BIOCIDE: 72 DAYS

TEST DATE:[2/5/ 91 START TIME:__ |

PRESSURE: psi FINISH TIME: [£

FLOW RATE: pm ELAPSED TIME: 1.0 hr.
TEMPERATURE: ____ C COLLECTION TIME:___ (0.0 min.

FEED CONDUC’I‘laVITY: umhos

FEED pH:___7 4 DATA TAKEN BY:__C.E .M.
CELL SAMPLE MLS MLSMIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umbos) (%)

1 2 L9 LISx183=206:09 = 204 S0 983
2 4 Gl 102x13=8x090 = UBI 480 2l
3 ¢ (4 107 x183=1952:090 = 189 560 200

| ave. L. 543 B




BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: __ FUMTEC TEST # )
ELEMENT # Al39 1874

MEMBRANE SHEET # /2
MEMBRANE I.D. # 18741l

CONTROL MEMBRANE TEST DATA BEFORE BIOCIDE EXPOSURE

TEST DATE: 2 91 START TIME: %

PRESSURE: psi FINISH TIME: 7

FLOW RATE: , o gpm ELAPSED TIME: lao br.

TEMPERATURE: C COLLECTION TIME: o) min.

FEED CONDUCTIVITY: umhos

FEED pH: DATA TAKEN BY:___ K.l .

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD  COND. REJECTION
CORR. CORR. (umhos) (%)

1 1 15 1.87x183=342: 0825 = 282 320 = R
2 3 2 120x183=H11x0825=- 287 580  Po
3 s 7.0 171 x183=322: 0825 = 27 550 99.1
AVG. &Ll2 R332 9.1

MEMBRANE TEST DATA AFTER BIOCIDE EXPOSURE

BIOCIDE:_BCDMMH _____CONC.:_| mg /L __BUFFER: HCI[NaHCOg pB:_7.1

IMMERSION IN BIOCIDE:_9 /24 91 REMOVAL FROM BIOCIDE/2/5/91
TOTAL TIME IN BIOCIDE:_70 DAYS

TEST DATE:[2/5/ 91 START TIME:___ [310

PRESSURE: psl FINISE TIME:___|410

FLOW RATE: pm ELAPSED TIME: LOQ hr.
TEMPERATURE:______ 20, COLLECTION TIME:__ 5.0 min.
FEED CONDUCTéVlTY _Eh,_m-mhos

FEED pH: DATA TAKEN BY:__C.EM.
CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION

CORR. CORR. (umbos) (%)

1 2 53 1Obx183= 1940090 = &S 750 987
2 ¢ 51 L4x13=08090= 202 720 98k
3 ¢ Bb LIZ x183=205x0910 = 199 7O 28

AvG. 1240, Q. Bk




BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: _FUMIEC TEST # __/2 :
ELEMENT # AlI391874

MEMBRANE SHEET # /3

MEMBRANE L.D. # [874~]2

TEST DATE: 2/ 2/ 9 START TIME: /445

PRESSURE: @ psi FINISH TIME: ____[54S

FLOW RATE: . gpm ELAPSED TIME: /.‘f br.
TEMPERATURE: 24. C COLLECTION TIME: 0 min.
FEED CONDUCTIVITY: umhos

FEED pH: . DATA TAKEN BY:__K. ..

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND.  REJECTION

CORR. CORR. (umbos) (%)

1 1 785 196 x183=3581x0825 = Db OO 2.0
2 3 165 19 x183=495x0825 = 288 (40 98.9

3 s 130 L83 x183=3340x 0825 = 215 &40 989
AVG. L8 621 8.2

BROMONITRD -
BIOCIDE:PROPANERIGL _ CONC.:__0.5% _ BUFFER: HCI/Na HCOapH:_ 4.0
IMMERSION IN BIOCIDE: 9 /27/ 91 REMOVAL FROM BIOCIDE: [2/5/91

TOTAL TIME IN BIOCIDE:_{9 DAYS

TEST DATE:Z/5/ 91 START TIME: 0
rnnssuns:_%____,pn FINISH TIME: Q%

FLOW RATE: gpm ELAPSED TIME: hr.

TEMPERATURE: C COLLECTION TIME: .0 min.

FEED CONDUCTIVITY: umhos

FEED pH: 7.8 DATA TAKEN By: _CE.M.

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. OCORR. (umbhos) (%)

1 2 26 OI2x183=PB18:1L00 « 122 740 983
2 4 34 QLBx1s3=124x 100 = 124 580 PO
3 ¢ 31 o074 x183=B5x)00 - 135  $20 989

ave. JR.O. L4l 982



BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: __ FILMTEC TEST # /3
ELEMENT # Al321874
MEMBRANE SHEET # /9

MEMBRANE L.D. # [874-]3

CONTROL MEMBRANE TEST DATA BEFORE BIOCIDE EXPOSURE

TEST DATE: 9//0/ 91 START TIME: %g
PRESSURE: 800 psi FINISH TIME:

FLOW RATE: ___0.72 = gpm ELAPSED TIME: 1.0 br.

TEMPERATURE: 3 C COLLECTION TIME:___50 min.

FEED CONDUCTIVITY: umhos

FEED pH: 27 . DATA TAKEN BY:__ K. T

CELL SAMPLE MLS MLS/ MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umbhos) (%)

1 1 25 1 x183=Allx 0850 = 225 780 8.7
2 3 94 182 x183=3331x0850 = 283 120 2817

3 5 9.0 180 x183=32¥4x085 = 280 700 98.8
ave. 283 132 261

MEMBRANE TEST DATA AFTER BIOCIDE EXPOSURE

BROMONITRD -

BIOCIDE: PROPANEDIOL _ CONC.:__Q.10% BUFFER:_HCI/Na HCOupB: 6.0
IMMERSION IN BIOCIDE: Q /27/ 91 REMOVAL FROM BIOCIDE:[2/6/91
TOTAL TIME IN BIOCIDE:_Z72 _DAYS

TEST DATE:I2/f/ 91 START TIME:__[Qgg

PRESSURE: psi FINISH TIME: __ |l

FLOW RATE: gpm ELAPSED TIME: I.QT hr.
TEMPERATURE: . C COLLECTION TIME:___ £.C min.
FEED CONDUCTIVITY: 56,000 umhos

FEED pH:____ 78 DATA TAKEN BY:_(.E.M.

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION

CORR. CORR. (umbos) (%)
1 2 45 — 32T — = — 2300 =
2 4 43 pU7Ix183=B12:0985=- 129 < Lo _9B1
3 ¢ 44 oB31183-34:0995=- _132 22 98.6
ave. 3:L... @35 989




BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: __FILMTEC TEST # 14

ELEMENT # A1391874
MEMBRANE SHEET # -3
MEMBRANE I.D. # 187919

N EMBRANE T A FORE BIOCIDE P RE

TEST DATE: 92/ 91 START TIME: 1100
PRESSURE: psi FINISH TIME:
FLOW RATE: gpm ELAPSED TIME: / br.
TEMPERATURE: C COLLECTION TIME:__ 5.0 min.
FEED CONDUCTIVITY: 58,000 umhos
FEED pH: 7.7 DATA TAKEN BY:__ KT
CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD  COND. REJECTION
CORR. CORR. (umbos) (%)
1 1 @5 [ .90 x 183 =H Tk 0.240 = 29.2 520 99./
2 3 949 L88x183=Ad080 = 289 SIO _929.0
3 5 924 188 x183=3440: 0.840 = > K20 99
avG. A2.0 537 9. /
RA R BIOCI XP R
BROMONITRO~
BIOCIDE: PROPANEDIOL. ___CONC.:_0.01 % _BuFFER:HC\NAHC.Oz pH: 6.3
IMMERSION IN BIOCIDE:_ 9 /27/ 91 REMOVAL FROM BIOCIDE:/2/é&/91
TOTAL TIME IN BIOCIDE: 20 _ DAYS
TEST DATE:[2/&/ 91 START TIME: 1%
PRESSURE:________B00 __ psl FINISH TIME: |
FLOW RATE: »-:L gpm ELAPSED TIME: ___ | br.
TEMPERATURE:___ 2 C COLLECTION TIME: b min.
FEED CONDUCTIVITY: umhos
FEED pH:____Z7.8 DATA TAKEN BY:___C.E.M.
CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 2 48 — x183="—3x "= =& — 2200 _—
2 a« 45 090x183=-104x097 = O J400 975
3 ¢ 49 098x183=1793x097 = 114 750 987

ave. JJeel. 1075 98l




BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: __FitMTEC TEST # 15

ELEMENT # AI391874
MEMBRANE SHEET # e
MEMBRANE 1.D. # (B79-15

P RE

TEST DATE: 2//0/ 91 START TIME: [420
PRESSURE: ____ 800 =~ psl FINISH TIME: {520
FLOW RATE: 0_? gpm ELAPSED TIME: LO br.
TEMPERATURE: 3 C COLLECTION TIME:___&8.0 min.
FEED CONDUCTIVITY: :gmg umhos
FEED pH: 7.7 DATA TAKEN BY:__ K.T.
CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND.  REJECTION

CORR. CORR. (umhos) (%)

1 1 9.2 L94 x 183 = 367 0. = 28.3 880 98.5
9.2 184 x 183 =334L7x 0840 = 28.2 500 99. |

3 s 89 178 x 18.3 = 32.57x o = 213 020 9.2
AVG. .Zﬂ.}.?. ..(24‘.’.7. ..?ﬂ;ﬁ

[ ]
(7]

CETYTRIMETHAMMONIUM
BIOCIDE P-TOMIENE SULFON-CONC.:__0.5 % _BUFFER: HCI/NaHCOg pu: 7.9
IMMERSION IN BIOCIDE: _9_/ REMOVAL FROM BIOCIDE:[2/9 /91
TOTAL TIME IN BIOCIDE: mys
TEST DATE:[2/9/ 91 START TIME: ____Qmﬁ
PRESSURE: psi FINISH TIME:

FLOW RATE: 0. % gpm ELAPSED TIME: br.
TEMPERATURE: C COLLECTION TIME:__5.0 min.
FEED CONDUCTIVITY: 54,000 _umbos

FEED pH:____8.7 DATA TAKEN By:__A.V.D.L.

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION

CORR. CORR. (umhos) (%)
1 2 206 052x183=952x |00 = _95 1800 9.8
2 4 25 060x183=0915x100 = 9l = 2O 98Bb
3 ¢ 24 048 x183=828:100 =~ BB 1500 971.3
AVG. - 2:l... 1222 974




BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: __ FILMTEC TEST # _ lb
ELEMENT # AI321874
MEMBRANE SHEET # ___ /7

MEMBRANE 1.D. # __/8724-/6

TROL MEMBRANE TEST DATA BEFORE BIOCIDE EXP RE

TEST DATE: _2/_50_/ 91 START TIME:

PRESSURE: o) psi FINISH TIME: /%5

FLOW RATE: 0.%4 gpm ELAPSED TIME: /.0 br.

TEMPERATURE: 3 C COLLECTION TIME: _ 5.0 min.

FEED CONDUCTIVITY: 58,000 umhos

FEED pH: 7.6 DATA TAKEN BY: K. 7~

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umbos) (%)

1 1 93 18l x183=3H04x n840 286 7110 @ 9281
2 3 923 L8bx183=2404 0P40 = 286 520 21

3 5 22 1.84 x 183 =33.x 042 = 28.3 090 98.8
AvG. 2835 N1/} .28:.2
BR ATA AFTER B IDE P R

CETYTRIMETHAMMONIUM

BIOCIDE:R-JOLUENE SUFIN-_CONC.: :_0:1% __BUFFER:HCI/Na H(O3 pB: 8.5

IMMERSION IN BIOCIDE: _2%/_91 REMOVAL FROM BIOCIDE:[2/9 /91

TOTAL TIME IN BIOCIDE: DAYS

TEST DATE:[2/92/ 91 START TIME:

PRESSURE:_______ _B00 ________psi FINISH TIME:

FLOW RATE: 0.1 gpm ELAPSED TIME: A hr.

TEMPERATURE:____ 25.5 _ . C COLLECTION TIME: 0 min.

FEED CONDUCTIVITY: m,om umhos

FEED pH:____8.7 DATA TAKEN BY:_AVDL.

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umbhos) (%)

1 2 42 0525:183=961x0985= 95 W00  98.0
2 s 4.0 052x183=93%09% - 922 _ 200 N9
3 ¢ 2.0 0%0x183=824x0985- 8.} 100 980

ave. B2 J23. 928.0.




BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: _FILMTEC TEST # 17

ELEMENT # Al3RI874
MEMBRANE SHEET # /18
MEMBRANE I.D. # __/874~17

MBR T TA BEFORE BIOCIDE P E
TEST DATE: 9/ /(/ 91 START TIME:
PRESSURE: _____ROD psi FINISH TIME:
FLOW RATE: ____0.67 __ gpm ELAPSED TIME: JA hr.
TEMPERATURE: ____32 = ¢C COLLECTION TIME: ﬁ 0 min.
FEED CONDUCTIVITY: Szm umhos
FEED pH: 7.8 - "DATA TAKEN BY:_A.V.D.L.
CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND.  REJECTION

CORR. CORR. (umbhos) (%)

1 1 92 L1B4x183-33uk 085 - 2800 @830 98
2 3 93 LBbx183=HMx085 = 289 8lOo 28-

3 5 92 L84 x183=41x085 = 28 570 9.0
AVG. 29.’.’2 ﬁ.?.. ..%lg

MEMBRANE TEST DATA AFTER BIOCIDE EXPOSURE

CETYTRIMETHAMMONIUM

BIOCIDE:RTOLUENE SWFQNCONC.:_0.01% BUFFER: HCI/NaHCOa p:

IMMERSION IN BIOCIDE: 9 /27/ 91 REMOVAL FROM BIOCIDE:[2/]{ /91

TOTAL TIME IN BIOCIDE:_75 DAYS

TEST DATE:[/1l/ 91 START TIME: {

PRESSURE: psi FINISH TIME:

FLOW RATE: pm ELAPSED TIME: ___ L br.

TEMPERATURE:_Z@%_:C COLLECTION TIME: 2.0 min.

FEED CONDUCTIVITY: umhos

FEED pH:___ 7.7 DATA TAKEN BY:_C.E.M.

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 2 20 052 x183=952x090 = _92 1200 928
2 s 27 0M4x183=-9809w- 9L %0 983
3 6 20 052 x183=992x0910 = _9.2 200 987

AVG. . 2:3... 283 283,




BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: ___FILMTEC TEST # 19

ELEMENT # Al319067 (2.-5" ELEMENT)
MEMBRANE SHEET # 067 -/8

MEMBRANE L.D. # Sa67-19

NTROL MEMBRANE TEST DATA BEFORE BIOCIDE EXP RE

TEST DATE: 2/23/ 91 START TIME: 0957

PRESSURE: _ 800 psi FINISH TIME: 1087

FLOW RATE: D. LB gpm ELAPSED TIME: L g hr.

TEMPERATURE: 22.5_ C COLLECTION TIME: ) min.

FEED CONDUCTIVITY: 59,000 umhos

FEED pH: 7.2 "DATA TAKEN BY:

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umbos) (%)

1 1 L7 154 x183=28x 0845 = 23.8 LD 987
2 3 85 170 x183 =3}l x 0845 = 2.3 00 28.8

3 5 B£8:2 L4 x183=30Dx0845 = 253 480 L2
AvG. 22l L41. 282

BRANE TEST DATA AFTER BIOCIDE EXP E
BIOCIDE: SODIUM BENZOATE CONC.:__0.5 Yo__BUFFER: HCI [Na HCO3 pH:_5.4

IMMERSION IN BIOCIDE: 9 /27 91 REMOVAL FROM BIOCIDE:|Z/]1/91

TOTAL TIME IN BIOCIDE:_75_ DAYS

TEST DATE:[2/1l/ 91 START TIME:___|

PRESSURE: X psi FINISH TIME: )3

FLOW RATE: 0. gpm ELAPSED TIME: .08 br.

TEMPERATURE: ___2(.Q_ C COLLECTION TIME:__ §.0 min.

FEED CONDUCTIVITY: 595,000 umhos

FEED pH: 7.7 DATA TAKEN BY:__K.T.

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 2 52 104 x183=1908x090 = _I8.5 220 983
2 4 65 L10x183=2013:090 = 196 1200 97.8
3 6 53 100 x183=1940:0970= 188 _600 99.1

AvG. 18:9.. BT, 984.




BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: __FLMTEC TEST # 2] -

ELEMENT # __Al3190k7 (2.5 “ELEMENT)
MEMBRANE SHEET # __9067-2B

MEMBRANE 1.D. # __ S0e7-2/

NTROL MEMBRANE TEST DATA BEFORE BIOCIDE EXP RE

TEST DATE: 9/22/ 91 START TIME: 1240
PRESSURE: ____ 800 pst FINISH TIME: 1340
FLOW RATE: 0.8 gpm ELAPSED TIME: L.O hr.
TEMPERATURE: 33 C COLLECTION TIME: _ 5.0 min.
FEED CONDUCTIVITY: _ﬁr@_umbos
FEED pH: 17 " DATA TAKEN BY:
CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION.
' CORR. CORR. (umbhos) (%)
1 1 17 .54 x 183 =2BJ8x 0840 = 23.7 _190 o987

2 3 2.2 104 x183=300x 5840 25.2 56D 9.1

3 5 81 L6Z x183 =205 0.840 242 10 28.2
AvG. 2Ad:b. 13, 28.2

MBRANE TEST DATA AFTER BIOCIDE EXP RE

DIUM
BIOCIDE:_BE&Z_QAIE_CONC.:_QJ_%___BUFFER:H_C[[NAHCQLPH: .35

IMMERSION IN BIOCIDE: Q /25 91 REMOVAL FROM BIOCIDE:[2/[3/91

TOTAL TIME IN BIOCIDE:_79_ _DAYS

TEST DATE:[2/[%/ 91 START TIME: OQ;E

PRESSURE: B00 psi FINISH TIME: 102

FLOW RATE:__%____me ELAPSED TIME: LO hr.

TEMPERATURE:____ C COLLECTION TIME: _ 5.0 min.

FEED CONDUCTIVITY: umhos

FEED pH:___8.3 DATA TAKEN BY:__AV.D.L.

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 2 b8 13bx183=2489x100 = 249 1800 Qb1
2 4 03 12x183=230x100 = 231 = 1200 L
3 6 G 122x183-23% 100 = 223 910 983

AvG. -23:4. 1331 5.




BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: __FiLlMTEC - TEST # 23

ELEMENT # __A131906) (2.5 "ELemeyT)
MEMBRANE SHEET # __9067-38

MEMBRANE 1.D. # 90L7-23

NTROL MEMBRANE TEST DATA BEFORE BIOCIDE EXP E

TEST DATE: _9/24/ 91 START TIME: DRIO
PRESSURE: _ 800 psi FINISH TIME: 0920
FLOW RATE: 0.69 gpm ELAPSED TIME: [.2 hr.
TEMPERATURE: 32 C COLLECTION TIME:___S5.0O min.
FEED commcnvrry £0,000 umbos
FEED pH: 1.7 DATA TAKEN BY:__ K.T.
CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
| CORR. CORR. (umhos) (%)
1 1 7.1 L42 x 183 =259x 0850 = _22.1 780 98.7

2 3 7.7 .54 x 18.3 =28.18x 0.850 = 39 720 96.8

3 5 18 15k x183=285% 085 = 5320 2.0
AVG. -£3 L7, 28.2

EMBRANE TEST DATA AFTER BIOCIDE EXP R

BIOCIDE:_E_&’_&EILCONCJ_Q_._QJ_%_BUFFER:MD;_;)H: 5.95

3

IMMERSION IN BIOCIDE: 2 /25/ 91 REMOVAL FROM BIOCIDE:[2/]3/91

TOTAL TIME IN BIOCIDE:_79__ DAYS

TEST DATE:[2/1% 91 START TIME: %

PRESSURE: 8200 psi FINISH TIME: {

FLOW RATE: ) gpm ELAPSED TIME: I.O br.

TEMPERATURE: ______c COLLECTION TIME:__ 5.0 min.

FEED CONDUCTIVITY: umhos

FEED pH:____83 DATA TAKEN BY:__A.V.D.L.

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umbos) (%)

1 2 59 118x183=21.59x0985 = 2.3 2200 9%.0

2 4« 55 110x183=-208x0985- 198 1200 918

3 6 L0 120x183=K%x0985 = 2.6 3300 M4.0
AVG. ...2..0.'.?... .?..2.;..3. .25:2..




BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: __fF)LMTEC TEST # 25

ELEMENT # __Ai319067 (2.5"ELEMENT)
MEMBRANE SHEET # _9047-48

MEMBRANE L.D. # ___ 90,7-25

NTROL MEMBRANE TEST DATA BEFORE BIOCIDE EXP RE

TEST DATE: _2/24/ 91 START TIME: 1115

PRESSURE: 20 psi FINISH TIME: 1215

FLOW RATE: 0.9 gpm ELAPSED TIME: LD hr.

TEMPERATURE: 33 C COLLECTION TIME:____&. 05 min.

FEED CONDUCTIVITY: (0,000 umhos

FEED pH: 1.7 "DATA TAKEN BY:___ K. T,

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND.  REJECTION
' CORR. CORR. (umbos) (%)

1 1 8.0 L0 x183=2228x0840 = 246 0O 920
2 3 1.8 L5 x183=22855x0840 = 240 53D 29.1
3 5 1.2 158 x183=2091x0.840 = 243 60O = 9.0

AVG. 24:2. o1 220

EMBRANE TEST DATA AFTER BIOCIDE EXP RE
BIOCIDE:___EDTA CONC.:__0.5% _ BUFFER: H(I/Na HCOg pH:_5.15___

IMMERSION IN BIOCIDE: 9 /25 91 REMOVAL FROM BIOCIDE:/2//3/91

TOTAL TIME IN BIOCIDE:_79 __ DAYS

TEST DATE:|2/13/ 91 START TIME: 1%%%

PRESSURE: 800 psi FINISH TIME: |

FLOW RATE: 070 gpm ELAPSED TIME:_____[.0 _____ _ hr.

TEMPERATURE:____Z%SQ‘E_C COLLECTION TIME:___&”.0 min.

FEED CONDUCTIVITY: umbhos

FEED pH:____ 83 DATA TAKEN BY:_AV.D.L.

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 2 859 LIB x183=215x090 = 209 220 287
2 4 535 LO1x183=B580IW= PO 50 99O
3 6 D1 Lo2x153=1841x090 = 181 < 540 90

AvG. -f2.3... £01.. 28.2.




.

BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: __FluMTEC TEST # 27

ELEMENT # __A1319067 (2.5 Y £cEMENT)
MEMBRANE SHEET # __9067-58
MEMBRANE L1.D. # 9067 -27

CONTROL MEMBRANE TEST DATA BEFORE BIOCIDE EXPOSURE

TEST DATE: 9/24/ 91 START TIME: [400

PRESSURE: _____ 800 psi FINISH TIME: (515

FLOW RATE: Q.68 gpm ELAPSED TIME: l-25 hr.

TEMPERATURE: 33 C COLLECTION TIME:____5.0 min.

FEED CONDUCTIVITY: [D.0OOO  umhos

FEED pH: 17 < ' DATA TAKEN BY:____ KT _

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 1 Lb 152 x183-218x0840 = 234 770 981
2 3 WA 158 x 183 =28.91 x 0.840 243 80 98.7
3 5 B2 LA x183=30.0lx0.840 252  5SLS 2.1

AvG. .24:32  .1eS. 28.8

EMBRANE TEST DATA AFTER BIOCIDE EXP R
BIOCIDE: ___EDTA CONC.:__0.1% _ BUFFER: HC)/NaHCOZ pH: 55

IMMERSION IN BIOCIDE: @ /25/ 91 REMOVAL FROM BIOCIDE:[2//4/91

TOTAL TIME IN BIOCIDE: DAYS

TEST DATE:[2/i6/ 91 START TIME: Iglg

PRESSURE: 8QQ psi FINISH TIME: 11

FLOW RATE: .4, gpm ELAPSED TIME: L0 hr.

TEMPERATURE: ggs C COLLECTION TIME: 8.0 min.

FEED CONDUCTIVITY: umbhos

FEED pH:__785 _ DATA TAKEN BY:_AV.D.L,

CELL SAMPLE MLS MLSMIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 2 104 130x183=22Bx10l = 240 40 K2
2 6 97 1.2 x183=2204x 101 = 224 9290 983
3 ¢ 100 125x183=-287x40 = 281 = 440 9.2

AvVG. .23:2.. Ll3. 28.9.




BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: _ FILMTEL TEST # 29
ELEMENT # __A1219067 (2.5"ELEMENT)
MEMBRANE SHEET # _90067-68
MEMBRANE 1.D. # __ 9067-23
EMBRA TEST DATA BEFORE BIOCID XP E
TEST DATE: _9_/_1% 91 START TIME: 0805
PRESSURE: _ 2] psi FINISH TIME: 0905
FLOW RATE: 0.8 gpm ELAPSED TIME: 1.0 hr.
TEMPERATURE: 3zc.'5 C COLLECTION TIME:___ 5.0 _ min.
FEED CONDUCTIVITY: &1,000 umbos
FEED pH: 73 "DATA TAKEN BY:___K.T.
CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
| | CORR. CORR. (umbos) (%)
1 1 128 LS x183=28550845 = 241 820 286.7
2 3 82 L4 x183=3001x0845 = 253 910 98.5
3 5 B3 lub x183=2302Rx0845 = 257 Mo 8L
AVG. 220 825 281
BRANE TEST DATA AFTER BIOCIDE EXP E

BIOCIDE:___EDTA

IMMERSION IN BIOCIDE:Q_/ 91
TOTAL TIME IN BIOCIDE: 2 _DAYS

CoONC.:_Q0.01% BUFFER: HCI/NaH(03 pH:_4.95 _

REMOVAL FROM BIOCIDE:[2//6/91

TEST DATE:)2/1/ 91 START TIME: 3
PRESSURE: 800 psi FINISH TIME: 1

FLOW RATE: pm ELAPSED TIME: 1.0 hr.
TEMPERATURE: _____ 255 Cc COLLECTION TIME:__ 2.0 min.
FEED CONDUCTIVITY: 55,000 umhos
FEED pH:___7.85 DATA TAKEN BY:__AV.D.L

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION

CORR. CORR. (umbos) (%)

1 2 B7 124x183=224%x0985= 223 200 _98¢&

2 4 B4 120x183=-2196x0985= 2.6 = LIO 989

3 6 B4 120 x183=2%x095 = 2.6 500 _99.0

AVG. -2l.8.. 43, 28.8.




BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: _FILMTEC TEST # _34 :
ELEMENT # Ai2/8722 (25"ELEMENTY .
MEMBRANE SHEET # _g722-~-9T

MEMBRANE I.D. # f2122 =24

ROL MEMBRANE TEST DATA BEFORE BIOCIDE EXP RE

TEST DATE: _9/2%/ 91 START TIME: j000

PRESSURE: 200 psi FINISH TIME: [TsYe)

FLOW RATE: —_O.le% gpm ELAPSED TIME: .o br.

TEMPERATURE: 35 < C COLLECTION TIME: 5.0 min.

FEED CONDUCTIVITY: {0,000 umbos

FEED pH: 2.2 " © DATA TAKEN BY:

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umbos) (%)

1 .1 Bl .2 x 183 =29.65x 0.84S 25.) S0 .2
2 3 11 154 x183=2810845 = 23.2 410 9922

3 5 28 LSbx183-8%084s = 240 20 988
AVG. .zﬁcs. ..5.(?.2 .93:\.'..

B R _BI

6ODIUN BENZOATE o
BIOCIDE:_EDTA (50:50) CONC.:___0.5 /o __BUFFER: HCs [Na HCO, pE:

IMMERSION IN BIOCIDE: 10/ 3/ 91 REMOVAL FROM BIOCIDE:[2/[6/91

TOTAL TIME IN BIOCIDE: AYS

TEST DATE:|2/17/ 91 START TIME: __igg______

PRESSURE: 800 psi FINISH TIME:

FLOW RATE: %_? gpm ELAPSED TIME: l 7] hr.

TEMPERATURE: o) C COLLECTION TIME:___Z.0 min.

FEED CONDUCTIVITY: 55000  umhos

FEED pH:__7.85 DATA TAKEN BY:

CELL SAMPLE MLS MLSMIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 2 B3 119 x1s3=AMWx100 = 21,8 < 420 P2

2 4 B1 1Mo x183=2023x100= 2,2 480  BI) -

3 6 B0 144 x183=208x 100 = 209 440 K2
ave. 21:3.. 4. 92




BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: _FuMTEC TEST # _35

ELEMENT # _A(318722 (2.5"ELEMENTD
MEMBRANE SHEET # _£722-98

MEMBRANE 1.D. # A222- 35

BRA . T T EFORE BI RE
TEST DATE: _9/26/ 91 START TIME: I%
PRESSURE: _RO0 psi FINISH TIME: ]
FLOW RATE: o.}g gpm ELAPSED TIME: O br.
TEMPERATURE: C COLLECTION TIME:___S&,.© _ _ min.
FEED CONDUCTIVITY: Q[,QQQ umbhos
FEED pH: 22 - °  DATA TAKEN BY:
CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umbos) (%)
1 1 82 — x183=— x0040= — 0 —

2 3 17 154x183=28i8x 0840 = 2377 LD 2989

3 s 728 LSk x 183 =285% 0.840 240 L20 99,0
AVG. ..2.533 ..4;4..‘.0. ende J-?

R R POS
SODIUM BENZOATE

BIOCIDE: EDTA (50 :%0) CONC.:__0.05 % _BUFFER: HCs/Na HCO pu: 5.0

IMMERSION IN BIOCIDE: /0/.3/ 91 REMOVAL FROM BIOCIDE:[2//7/91

TOTAL TIME IN BIOCIDE: DAYS

TEST DATE:[2/17/ 1 START TIME:

PRESSURE: psi FINISH TIME:

FLOW RATE: % gpm ELAPSED TIME: L br.

TEMPERATURE: D Cc COLLECTION TIME:__Z.0_ min.

FEED CONDUCTIVITY: 55,000 umhos

FEED pH:____2.45 DATA TAKEN BY:___ K. T

CELL SAMPLE MLS MLS/MIN AREA TEMP.  GFD COND. REJECTION
CORR. CORR. (umbos) (%)

1 3 B4 L20x183=29% 100 = 220 420 9.2
3 4 B2 L7 x183=241x100 = 21,4 K20 w4 -
3 6 25 107 x183=1958x 100 = 9.6 700 <987

AVG. -2l:Q.. Ld1 22.0.




BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: __FILMTEC TEST # _3&
ELEMENT # _A[31R7122 (2.5"ecement) .
MEMBRANE SHEET # _g7122-l0T

MEMBRANE I.D. # __ 87223

MEMBRANE TEST DATA BEFORE BIOCID E
TEST DATE: 9/24/ 91 START TIME: 1320
PRESSURE: 800 psi FINISH TIME: 1420
FLOW RATE: O 6R gpm ELAPSED TIME: LO hr.
TEMPERATURE: 23 C COLLECTION TIME:__ 5.0 min.
FEED CONDUCTIVITY: (0,000 umhbos
FEED pH: b N " DATA TAKEN BY:
CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION

CORR. CORR. (umbos) (%)

1 1 27 — x183="xO0®0= — 20 —_
2 3 B0 1LeDx183=20208 0840 = 24.6 £30 9.1
22

3 5 158x183=-282k 080 = 242 L20 9.0
ave. (M43 515 9l

B T R BIOCI
SODIUM BENZOA

BIOCIDE:_EDTA L83 805 CONC.:__0.01% BUFFER:HC./NaHEOy pB: 5.0

IMMERSION IN BIOCIDE: 0 /.3 / 91 REMOVAL FROM BIOCIDE:[2/17/91

TOTAL TIME IN BIOCIDE: DAYS

TEST DATE:[2/|7/ 91 START TIME:

PRESSURE: 800 psi FINISH TIME:

FLOW RATE: pm ELAPSED TIME: 1.0 br.

TEMPERATURE: ¥o) c COLLECTION TIME:__ 2,0 min.

FEED CONDUCTIVITY: umhos

FEED pH:__ 145 DATA TAKEN By: KT,

CELL SAMPLE MLS MLSMIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umbhos) (%)

1 2 B85 121 x183=2.4x]1.00 = _224 S0 yAN

2 4 B3 LI x133=AWx100 = 208 = 420 992 -

3 ¢ B85 121 x183=214x100 = _—_ 1800 —
Ave. 2L2.. 4S5, 99




BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: _.EILMIEL__ TEST # _37
ELEMENT # _Ai3 2.5" , ,

MEMBRANE SHEET # ._8121_10.6___
MEMBRANE 1.D. # __8722-37

BRANE TEST DATA BEFORE BIOQOCID P RE

TEST DATE: _?_/Pg/ 91 START TIME:
PRESSURE: psi FINISH TIME:
FLOW RATE: gpm ELAPSED TIME: 1 br.
TEMPERATURE: 32 C COLLECTION TIME: F7) min.

FEED CONDUCTIVITY: umhos

FEED pH: 7% - " DATA TAKEN BY:_AV.DL.L =
CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND.  REJECTION
CORR. CORR. (umhos) (%)

1 1 &1  lbZx183=2965x08SO= 252 30 2 928
2 3 27 14 x183=7B18xQ850 = 239 4IO 29.0

3 5 wars 152 x 183 =000 850 = 230 520 99.1
avGg. 242 (20 29.0

R BI

BIOCIDE: SWTERALDEHYPECONC.:__ 2.0 %o BUFFER: HCs /Ne HCOpH: S.ID___

IMMERSION IN BIOCIDE: [0/ 4/ 91 REMOVAL FROM BIOCIDE:|2/]8/91

TOTAL TIME IN BIOCIDE: DAYS

TEST DATE:[2/8/ 91 START TIME:

PRESSURE: 200 _ psi FINISH TIME: |

FLOW RATE: %% gpm ELAPSED TIME: br.

TEMPERATURE: C COLLECTION TIME: min.

FEED CONDUCTIVITY: 55000 umhos

FEED pH: 1.2 DATA TAKEN BY:_C.E.M,

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umbhos) (%)

1 2 JB oObx183=LI0x100 = I 400 884

2 4 20 007x183=128:1000 = 13  Spp D9 -

3 3 L2 QObx183=L10x]100 = )i 7000 813
ave. -2 @3B 889




BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: _EILMTEC TEST # __38

ELEMENT # _A(2(8722 (2.5 ELEMENT)
MEMBRANE SHEET # _g722-1T

MEMBRANE 1.D. # _ §722-38

NTROL MEMBRANE TEST DATA BEFORE BIOCIDE EXP RE

TEST DATE: _9/27/ 91 START TIME: 0930

PRESSURE! 80 psi FINISH TIME: ___ {30

FLOW RATE: ____ O  gpm ELAPSED TIME: LO br.

TEMPERATURE: 22.5 C COLLECTION TIME: __S.> min.

FEED CONDUCTIVITY: 59,000 umhos ~

FEED pH: 20 - " DATA TAKEN BY: A VUD.L.

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND.  REJECTION
CORR. CORR. (umhos) (%)

1 '1 B L2 x183=2965x 0850 = 252 S40 22.1
2 3 1.2 1S58 x183=2B91x 0.850 24L  L320 8.9

3 5 2.6 1.52 x 183 =278 0850 = _—— 23600 —
Ave. 242 5g& 22.Q

BRANE TEST DATA AFTER BIOCID P E

BIOCIDE: GLUTERALPEHYPE.CONC.:__L.O Yo BUFFER: 4 Cs /Va HCOE: _S.bo

IMMERSION IN BIOCIDE:_[0/4 / 91 REMOVAL FROM BIOCIDE:|2/]8/91

TOTAL TIME IN BIOCIDE:_ 75 DAYS

TEST DATE:[2//8/ 91 START TIME: |

PRESSURE: psi FINISH TIME:

FLOW RATE: pm ELAPSED TIME: br.

TEMPERATURE:__26.6 _____ C COLLECTION TIME:___20 min.

FEED CONDUCTIVITY: 55,000 umhos

FEED pH:__77 DATA TAKEN BY:__C.E .M,

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umbhos) (%)

1 2 35 0N x183=341x0985 = _3.\ 2100 96.2
2 4 B2 DMox183=293x0985= 29 2200 9.0 -
3 6 20 05 x183=275x0985 = _— 8000 —_—

——

AVG. - 2.0 R0 o).




BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: _FiLMIEC TEST # _39
ELEMENT # _Ai218722 (2.8"ELEMENTD :
MEMBRANE SHEET # _8722- IR

MEMBRANE L.D. # __8122-39

CONTROL MEMBRANE TEST DATA BEFORE BIOCIDE EXPOSURE

TEST DATE: % 91 START TIME: HQS

PRESSUI}E: psi FINISH TIME:

FLOW RATE: 0. 70 gpm ELAPSED TIME: l (@) br.

TEMPERATURE: 29 &5 C COLLECTION TIME:_&.0 min.

FEED CONDUCTIVITY: @[,tlm umhos :

FEED pH: 7.0 : DATA TAKEN BY: A,!-E.L,

CELL SAMPLE MLS MLS / MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

235 S5LD 99.1
242 A0 @ 992
24L 590 29.0

1 1 255 1.5] x183 =263 0850
2 3 78 1506 x183 =285« 0850
3 5 22 182 x 18.3 =283 o.850

AVG. 241 531 221
BR A FTER BIOCIDE EXP

BIOCIDE: GLUTERALDEHYDE CONC.:___0.5% _BUFFER: HCe [Va4CO, pH: 5.9
IMMERSION IN BIOCIDE:/0/ 4/ 91 REMOVAL FROM BIOCIDE:/2//8/91
TOTAL TIME IN BIOCIDE:_75 _DAYS .
TEST DATE:[2//8/ 91 START TIME:_]’_ﬂ%
PRESSURE: psi FINISH TIME: 7
FLOW RATE: pm ELAPSED TIME: 1.0 hr.
TEMPERATURE: (o] COLLECTION TIME:___ 15 min.
FEED CONDUCTIVITY umhos
FEED pH: 2.7 DATA TAKEN BY:__C.E.M.
CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION

CORR. CORR. (umbhos) (%)

1 2 40 027 x183=494:095 = _49 980 282
20 4 40 D21:133-49%0985- 49 = w0 988 -
Bb 029x183=439x0985= _4.3 J4900 9725

ave. 4 1018 28.2.




BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: _FILMTeC TEST # _40_

ELEMENT # AI1318T22 (2.5 “c(EMENT)
MEMBRANE SHEET # 87122-/2T7
MEMBRANE LD. # _8122-40

ROL_MEMBRANE TEST DATA_BEFORE BIOCID P RE

TEST DATE: _9/27/ 91 START TIME:

PRESSURE: BOO psi FINISH TIME: 1325

FLOW RATE: __0.09 gpm ELAPSED TIME: LO br.

TEMPERATURE: EY) C COLLECTION TIME: __S. 0 min.

FEED CONDUCTIVITY: (’l,QQQ umhos

FEED pH: 1 " DATA TAKEN BY:_A.V.D. L.

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND.  REJECTION
CORR. CORR. (umbhos) (%)

1 1 28 15l x 183 =285 0840 240  LbD 28.9
2 3 22 1SBx183=289x 0840 242 S00 99.2

3 5 1.2 1S x183=2855%0840 240 2o 290
Ave. 24.1. 593 220

RANE TEST DATA AFTER BIQCIDE EXP E
SODIVM BISULFITE/
BIOCIDE: GLYCERINE _ CONC.:_|.0 /20.0%BUFFER: HCs [Na HCO pl: T1_____

IMMERSION IN BIOCIDE: 10/4 / 91 REMOVAL FROM BIOCIDE:[2/]9/91
TOTAL TIME IN BIOCIDE: Z& __DAYS :

TEST DATE:(2/[9/ 91 START TIME: _
PRESSURE: 800 psi FINISH TIME:

FLOW RATE: gfa gpm ELAPSED TIME: . br.
TEMPERATURE: 5.0 c COLLECTION TIME: 0 min.

FEED CONDUCTIVITY: 55,000 umhos

FEED pH: yA DATA TAKEN BY:_(.E.M.
CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 2 22 A44x183=2038 |00 = 2.2 80 8L
2 ¢ 20 JA40x183:=256%100 = 256 790 984k
3 6 Z) 142:183-269%100 - 260 LIlo 988

AvG. .26:0 M1 28.7




BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: _F/LMTEC TEST # __ 50

ELEMENT # __AI3I8722
MEMBRANE SHEET # _g122- 17

MEMBRANE LD. # __ 8722-50

R EMBRANE TEST DATA BEFORE BIOCIDE EXP E

TEST DATE: % 91 START TIME: :
PRESSURE: psi FINISH TIME: m%g ——

FLOW RATE: Qg) gpm ELAPSED TIME: LO hr.
l C

TEMPERATURE: COLLECTION TIME:__ 5.0 min.

FEED comancnvnv G1,000 _umbos :

FEED pH: 1.4 DATA TAKEN BY:__K.T.

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umbhos) (%)

1 1. 1L _|-_§Zx.18.3=21&xm5= 22.1 520 R.1
2 3 b 152 x183=2082x0195 = 22 2D PB4

3 s 13 14bx183=20Ix075 = 2.2 220 R
Ave. AL&. A4kl %2

BIOCIDE: _(ONTROL _ CONC.:_DL WATEKBUFFER:____NA pH: 5.5

IMMERSION IN BIOCIDE:/0///4 91 REMOVAL FROM BIOCIDE:[2/2091
TOTAL TIME IN BIOCIDE:_70 _DAYS ,
TEST DATE:[22Y 91 START TIME: [#)

0fa2

PRESSURE: psi FINISH TIME:
FLOW RATE: pm ELAPSED TIME: 1.0 hr.
TEMPERATURE: C COLLECTION TIME: 50 min.

FEED CONDUCTIVITY: Mumhos

FEED pH: 2.7 DATA TAKEN BY:__(.E M.
CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umbhos) (%)

1 2 L2 129x183=224%102 = 231  _L0OD 289
2 ¢ 59 L8 x183=2AFx102 = 22.0 590 989
3 6 59 LI8 x183=25x 1.02 = 220 Bio AN

AVG. 224 el 2.0




BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: _FILMTEC TEST # __S]I
ELEMENT # __A1318722 .
MEMBRANE SHEET # _8722-18
MEMBRANE I.D. # __8722-51

TR MEMBRANE TEST DATA BEFORE BIOCIDE EXP E

TEST DATE: 10/ 10/ 91 START TIME: >0
PRESSURE: _ pst FINISH TIME: [1EYo)

FLOW RATE: [0} gpm ELAPSED TIME: LD hr.
TEMPERATURE: 2 C COLLECTION TIME:__ 5.0 min.
FEED CONDUCTIVITY: {gl,m__umhos -

FEED pH: 1.4 DATA TAKEN BY:___K.T.

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION

CORR. CORR. (umhos) (%)

1 1 15 _Lﬂ)x'ls.3=ﬂ._4_ﬁxmﬁ = 2.0 00 99.0
2 3 7.2 144 x 183 = 2035 QS 20-.1 100 98.9

3 5 15  1S50x183=2045xQW5 = 2LO0 D520 2L
Ave. 2007 LQ1. 22.0

BRANE TE AFTER BIOCI P
BIOCIDE: _L.ONTROL __ CONC.:___NA BUFFER:___NA pH: (.3
IMMERSION IN BIOCIDE: 10/ 1l / 91 REMOVAL FROM BIOCIDE: | /7/91
TOTAL TIME IN BIOCIDE: DAYS
TEST DATE:L/.2/ 91 START TIME: l
PRESSURE: 8 psi FINISH TIME: 4
FLOW RATE: 0.7 gpm ELAPSED TIME: 1 br.
TEMPERATURE: C COLLECTION TIME:____5.,0 min.
FEED CONDUCTIVITY: 58,000 umhos
FEED pH: 77 DATA TAKEN BY:__K.T.
CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION

CORR. CORR. (umhos) (%)

1 2 63 126x183=280x 100 = 230 = 0O 990
2 ¢ L5 130x183=23Tx 100 - 238 540 99.1
3 ¢ L2 124 x183-22.6% 100 = 22.7 580 9.0

AVG. A2.2. R13. 2.0

. A



BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: _FILMTEC TEST # __52

ELEMENT # _AI1318722 ‘
MEMBRANE SHEET # _g722- 9

MEMBRANE 1.D. # __8122-52

NTROL MEMBRANE TEST DATA BEFORE BIOCIDE EXP E

TEST DATE: 10/10/ 91 START TIME: léi g

PRESSURE: _ psi FINISH TIME: I

FLOW RATE: 0.1 gpm ELAPSED TIME: L3 br.

TEMPERATURE: 22 C COLLECTION TIME: __.{e..o___.min.

FEED CONDUCTIVITY: (i cxza umhos

FEED pH: 1.4. DATA TAKEN BY: I(.‘r.'

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umbos) (%)

1 1 90 150x183-2145%0%5 = 2.0 900 985S
2 3 88  _L471x183=2%30x Q105 206 LD 220

3 s 88 141x183=20%3x0%5 = 20 S0 2R
Ave. 1. L&l. 2

BRANE TEST DAT R BIOCIDE P
BIOCIDE:__(ONTRQL ___ CONC.:___NA BUFFER:___NA pH:_ 7.0
IMMERSION IN BIOCIDE:_{0/ 1 / 91 REMOVAL FROM BIOCIDE:_|/7/91
TOTAL TIME IN BIOCIDE: DAYS _

TEST DATE: [/Z/ 91 START TIME:

PRESSURE: 800 _ psi FINISH TIME:

FLOW RATE: Q,_? gpm ELAPSED TIME: hr.

TEMPERATURE: 2 C COLLECTION TIME: A0 min.

FEED CONDUCTIVITY: 53,@ umhos

FEED pH: 27 DATA TAKEN BY:___K.T.

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umbhos) (%)

1 2 LB L3bx183=2489x 100 = 249 0o 98U
2 ¢ 02 124x3=226k% 100 = 227 £80 988
3 6 64 128x183-2342x)00 = 234 490 R.U1_

Ave. 231.. 287 28.7.




BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: __FILMTEC TEST # _41

ELEMENT # _AI3I8722 (2S5 "ELEMENTD
MEMBRANE SHEET # _8722-158

MEMBRANE 1.D. # __8722-47

CONTROL MEMBRANE TEST DATA BEFORE BIOCIDE EXPOSURE

TEST DATE: 1_0_17456 91 START TIME: ogig

PRESSURE! psi FINISH TIME: o)

FLOW RATE: gpm ELAPSED TIME: L.O br.

TEMPERATURE: jz C COLLECTION TIME: ___5.0 min.

FEED CONDUCTIVITY: {g!,mQ umhos . :

FEED pH: 75 " DATA TAKEN BY:

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umbhos) (%)

1 1 24 148 x183 = 2008x 0BSp = 220 780 987

2 3 19 158 x183=289Ix0850 = 246 510 = 932

3 5 27 1A x183=288x0850 = 239 &40 28.9
AVG. 228 A3 98.2

MEMBRANE TEST DATA AFTER BIOCIDE EXPOSURE
BIOCIDE: SAUCYLIC ACiD CONC.:__0.2% _ BUFFER: HCs [Na HCOg pB: (0,0

IMMERSION IN BIOCIDE:_J0/./{ / 91 REMOVAL FROM BIOCIDE: [ /8/91

TOTAL TIME IN BIOCIDE:_89_ DAYS .

TEST DATE:1/8/ 91 START TIME:____[020

PRESSURE:____.___ 800 _ __psi FINISH TIME: 20 —

FLOW RATE: % gpm ELAPSED TIME: 1. br.

TEMPERATURE: c COLLECTION TIME: 0 min.

FEED CONDUCTIVITY: £0,000 umhos

FEED pH: 1L DATA TAKEN BY:__ K.T.

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 2 52  104x183=1903x100 = _190 220 N5
2 s 54 1.08x13=\92bx100 = 198 400 9.3 -
3 6 5.3  1.06 x 183 = 1940« 100 = _194 330 R5

ave. J19:4... 250. 29.4..




'BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: TEST # _ 4l

ELEMENT # _Al318122 Q,Q ELEMENT)
MEMBRANE SHEET # 8122 — 128
MEMBRANE LD. # __8122-4I

CONTROL MEMBRANE TEST DATA BEFORE BIOCIDE EXP RE

TEST DATE: _9/27/ 91 START TIME:

PRESSURE: 800 psi FINISH TIME: E%o

FLOW RATE: __ 0.9 gpm ELAPSED TIME: [.O br.

TEMPERATURE: >3 C COLLECTION TIME:__ 5.0 min.

FEED CONDUCTIVITY: 4LOOO umbos

FEED pH: 2.4  DATA TAKEN BY: KT

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD  COND. REJECTION
CORR. CORR. (umhos) (%)

1 '1 T 152 x183=2180x 0840 234 RO 289
2 3 28  15b x183=2855 N840 240  5L0O. 99.1

3 5 19 158 x183 =289 x 0340 24.% 580 RO
AVG. 232 Q1. 220

MBRANE TEST FTER BIOCIDE EXP E
BIOCIDE: SALIGYLIC ACID CONC.:_0:.1%0  BUFFER:HCi [NeHCOy pH:S5.8
IMMERSION IN BIOCIDE: {0//// 91 REMOVAL FROM BIOCIDE: ! /[0/9¥ 2
TOTAL TIME IN BIOCIDE:_9/ DAYS
TEST DATE: /10 9%2 START TIME:__I%LE
PRESSURE: 800 psi FINISE TIME:___ {45
FLOW RATE: 0.83 gpm ELAPSED TIME: 1.0 br.
TEMPERATURE: 250 C COLLECTION TIME:__&.0 min.
FEED CONDUCTIVITY: 57,000 umhos
FEED pH: DATA TAKEN BY:_(.E.M,
CELL SAMPLE MLS MLSMIN AREA TEMP. GFD COND. REJECTION

CORR. CORR. (umbhos) (%)

1 2 89 LB x183=2459x 100 = 2.6 5% 9.0
2 4 58 Ll x183=2023« ].00 = 2.2 400 93
3 6 48 09 x183=(257x100 = _|7.& 250 949

Ave. -20:1 441. 2.2.




BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: FILMTEC. TEST # _49

ELEMENT # _Al318722

MEMBRANE SHEET # A122-16
MEMBRANE LD. # _ 8122 -49

MBRA EST TA BEFORE BIOCI E
TEST DATE: % 91 START TIME: ngLQ
PRESSURE: _ psi FINISH TIME: 0910
FLOW RATE: O.LB gpm ELAPSED TIME: hr.
TEMPERATURE: 29.5 C COLLECTION TIME: min.
FEED CONDUCTIVITY 21,000 __umhos
FEED pH: : .~ DATA TAKEN BY:___ K. 7
CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD  COND. REJECTION

CORR. CORR. (umbos) (%)

1 1 14 148 x183 = 27.08 0841 22,8 65 B3I
2 3 132 l4lbx183=-202x 084l = 2256 400 9.3

3 5 22 144 x183:=2Fx084l = 222 180 27
ave. 2.8 QL0  Be

BR TEST R BIOCID P
BIOCIDE: SALCYLIC ACID CONC.:_0.01 % BUFFER:HCs/NatO O, pB: 57
IMMERSION IN BIOCIDE: [0/l / 91 REMOVAL FROM BIOCIDE:/ /[0/9r2

TOTAL TIME IN BIOCIDE: 9/ __ DAYS

TEST DATE://[0/ 912 START TIME:
PRESSURE: Q% psi FINISH TIME:
FLOW RATE: gpm ELAPSED TIME: /L hr.
TEMPERATURE:____25.0 ____C COLLECTION TIME: min.

FEED CONDUCTIVITY: §Z.000__ umhos

FEED pH: __7% DATA TAKEN BY:_(..E.M.
CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umbos) (%)

1 2 (4 128x183=2342x100 = 23.4 _940 98.3
2 4 L0 L20x183=2A%xlD = 220 520 9.
3 ¢ S8 Lk x183=223x 100 = 21.2 2500 2.1

AVG. -%2.2. 253 A8




BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: _FILMTEC TEST # _Bb
ELEMENT # _Ai1322/65 ,
MEMBRANE SHEET # _2/5 - 2

MEMBRANE LD. # _2/65 -5

ROL MBRANE TEST DATA BEFORE BIOCIDE EXP

TEST DATE: [0/ Il 91 START TIME: 100S
PRESSURE: _ psi FINISH TIME: 1105

FLOW RATE: o gpm ELAPSED TIME: ) BT,
TEMPERATURE: 2 C COLLECTION TIME:__ 5.0 min.
FEED CONDUCTIVITY: (ol 00 _umhos )

FEED pH: 2.2 . DATA TAKEN BY:___ KT,

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION.

CORR. CORR. (umbos) (%)

1 1. L2 138x183=2525%0%5 = 133 S50 224
2 3 72 14 x183=23%0005 204 260 24

3 5 14 148 x183=200%xQa65 = 200 380 294
AVG. .Z.Q:Q .3.@;3.. .%.1.5

MEMBRANE _TEST DATA AFTER BIOCIDE EXPOSURE

BENZARLAONIM
BIOCIDE: CitoRpE fEpTA CONC.:__©. 5% _ BUFFER: HCi /NVal{CQq pPH: 5.8
IMMERSION IN BIOCIDE:/Q/// ] 91 REMOVAL FROM BIOCIDE: [ //3/982
TOTAL TIME IN BIOCIDE: _94 _DAYS
TEST DATE:/ /(3] 932 START TIME: 0955
PRESSURE:____ 890 psi FINISH TIME:_ /0545
FLOW RATE: _@Q.74 gpm ELAPSED TIME: L.© hr.
TEMPERATURE: ____24.% C COLLECTION TIME: _— min.
FEED CONDUCTIVITY: 54,009 umhos
FEED pH: 17 DATA TAKEN BY:__ KT
CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umbhos) (%)

1 2 fNa Frou/ x183 = <ol

2 4 " Y x183=__ _x____ = <£0y4

3 6 “ Y x183 = x = £0./




BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: _F/LMTEC TEST # __S7

ELEMENT # __Ai12392/65 A
MEMBRANE SHEET # _2i65-3

CONTROL MEMBRANE TEST DATA BEFORE BIOCIDE EXPOSURE

TEST DATE: [0/ 11/ 91 START TIME: Jfg

PRESSURE: 200 _____ psi FINISH TIME: 7

FLOW RATE: gpm ELAPSED TIME: /O hr.

TEMPERATURE: 2 C COLLECTION TIME:__&.0 min.

FEED CONDUCTIVITY: &Ll (XD  umhos

FEED pH: WA/ ’ DATA TAKEN BY:____KT-

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umbos) (%)

1 1 171 L54x183-218x0%5 = 2.5 PO 989
2 3 28 1Sx183=B5x0%S = 2.8 450 2 923

3 s 125  150x183=2145x005 = 200 240 220
ave, 2l4. 281 22

MEMBRANE TEST DATA AFTER BIOCIDE EXPOSURE

BENZRLKONIOM
BIOCIDE: CH.0Ms /6@ T4 CONC.:__©.! ___BUFFER: HCu /NaHCOy pH: ¢
IMMERSION IN BIOCIDE: /2/// ] 91 REMOVAL FROM BIOCIDE:/ //3/91
TOTAL TIME IN BIOCIDE:_94 _DAYS
TEST DATE:/ /(3 91 START TIME: (Ao
PRESSURE: p-deXo) psi FINISH TIME: 2340
FLOW RATE: ©.73 gpm ELAPSED TIME: 1.9 hr.
TEMPERATURE:___26.0 C COLLECTION TIME: _ — min.
FEED CONDUCTIVITY: 55,000 __umhos
FEED pH: 77 DATA TAKEN BY:__C.EM
CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 2 _No Fiow x183 = x = £0.1.

2 4 ¥ _x183= x____ = <d.1

3 6 " " x183 = x e <04

AVG, s




BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: _FUMTEC TEST # _58

ELEMENT # __A1322/6S
MEMBRANE SHEET # _zms-4
MEMBRANE L.D. # ___ 2/65-58

CONTROL MEMBRANE TEST DATA BEFORE BIQCIDE EXPOSURE

TEST DATE: 10/ 1l 91 START TIME: >4S

PRESSURE: _ IB%SBJ psi FINISH TIME:

FLOW RATE: DBL gpm ELAPSED TIME: 1.25 hr.

TEMPERATURE: C COLLECTION TIME:___ 5.0 min.

FEED CONDUCTIVITY: a[,Qm umhos

FEED pH: 2.5 DATA TAKEN BY:___KIT.

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umbos) (%)

1 1' 2. 158 x183=289 o5 = 221 800 oS82
2 3 19 158 x183=289x06S = 22d 550 99.1
3 s 28 1Sk x183=285x025 2.8 D20 2.

AVG. -%%... w23 [0
MEMBRANE TEST DATA AFTER BIOCIDE EXPOSURE
BENZALKoNIUM
BIOCIDE: CA40#10¢ /EQTRONC.:__0.01 70 BUFFER: HCt [Na HCGPH: &5
IMMERSION IN BIOCIDE:/0/// ] 91 REMOVAL FROM BIOCIDE:/ //3/9%2
TOTAL TIME IN BIOCIDE:_94 DAYS
TEST DATE:/ /.3 932 START TIME: ___/5Aa5
PRESSURE: 00 psi FINISH TIME: 1L 3S
FLOW RATE:____ 0. 72 gpm ELAPSED TIME: 1.0 br.
TEMPERATURE:___ 24.0 COLLECTION TIME: 1S min.
FEED CONDUCTIVITY: Mumhos
FEED pH: 7.2 DATA TAKEN BY: y. & ¥
CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 2 33 02ax183= _#0x foo = _4o 4ogo 93/
2 4 36 oadx1s3= 4Ydxtoo= HY = 3000 948
3 6 30 0R0x183=36x/f00 = _4¢ Sgoo q0.0

aveG. A2 Haez Td.te




BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: _FuMTEC TEST # _63
ELEMENT # _201292/65
MEMBRANE SHEET # _2i65-9
MEMBRANE L.D. # _2i65-63

CONTROL MEMBRANE TEST DATA BEFORE BIOCIDE EXPOSURE
TEST DATE: % 91 START TIME: ___[I05

PRESSURE: psi FINISH TIME: __ |20S

FLOW RATE: _Q,ED_—_ gpm ELAPSED TIME: LO br.

TEMPERATURE: C COLLECTION TIME:___ 5.0 min.

FEED CONDUCTIVITY: Z0(xXXD> umhos

FEED pH: 7.4 DATA TAKEN BY:_ KT~

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umbos) (%)

1 1 7). 192 x183=25Px 08060 = 223 310 9924
2 3 22 149x183=235:080 = 221 320 RS
3 s 22 1M x183=20%086D = 227 550 .1

AVG. 22de A2 R32

MEMBRANE TEST DATA AFTER BIOCIDE EXPOSURE

BIOCIDE: _JOROIG ACIOCONC.:__Q./ 70 BUFFER: HCi/NalCQy pH: 5.5

IMMERSION IN BIOCIDE: /Q//&/ 91 REMOVAL FROM BIOCIDE: [ //4//9%2

TOTAL TIME IN BIOCIDE:_Z% DAYS

TEST DATE: /(Y 9t START TIME: _ Q925

PRESSURE: 200 psi FINISH TIME:___/025

FLOW RATE: 0.70 gpm ELAPSED TIME: LO hr.

TEMPERATURE: ___25.Q (o COLLECTION TIME:_& min.

FEED CONDUCTIVITY: 57000 umhos

FEED pH: 77 DATA TAKEN BY:_C. £ M.

CELL SAMPLE MLS MLSMIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umbos) (%)

1 2 41 ©97x183=73k Loo = 1R 240 99.5
2 4 45 090 x183=llslx (00 = (L5 = lbo 997
3 3 44 Q92 x 183 =ife-§x LOO = 16§ a4 99.¢

AVG, ..1.(:..8. A22. .3.2'..(!.




BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: _FuMIEC TEST # _&2

ELEMENT # _AI1392165
MEMBRANE SHEET # 2(5-8

MEMBRANE L.D. # _2165-62

CONTROL MEMBRANE TEST DATA BEFORE BIOCIDE EXPOSURE

TEST DATE: 22/ 91 START TIME:

PRESSURE: psi FINISH TIME:

FLOW RATE: gpm ELAPSED TIME: éﬂ hr.

TEMPERATURE: C COLLECTION TIME: 0 min.

FEED CONDUCTIVITY: (0 000> wmhos

FEED pH: 2.4 DATA TAKEN BY:__ KT,

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 1 17 LB4x183=2I8x0865 = 244 410 2 993
2 3 18 15k x183=225x0865 = 241 410 222

3 s 18 150 x183=25x08k5 = 241 450 2 29.3
AvG. 24f 4432 xR.3

MEMBRANE TEST DATA AFTER BIOCIDE EXPOSURE
BIOCIDE: S0RABIC ACID _CONC.:__0.05 % BUFFER: HCs [&a{ﬂog pH:__S5.5

IMMERSION IN BIOCIDE: (g/!8 / 91 REMOVAL FROM BIOCIDE:{ //4//933

TOTAL TIME IN BIOCIDE:_££ _DAYS

TEST DATE:! /14/ na START TIME: 1145

PRESSURE: goo psi FINISH TIME: 1245

FLOW RATE: 0. 82 gpm ELAPSED TIME: Jx-) hr.

TEMPERATURE:___25.5 C COLLECTION TIME: _ S min.

FEED CONDUCTIVITY: 57,000 umbhos

FEED pRH: 7.2 DATA TAKEN BY:_C.£M.

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 2 54 Lod x183=197x0985= 2.5 300 995
2 4 52 toY x183=90K0985= LET = 310 2 994
3 6 S5 L0 x183=20/3xQ985 = _19.9 Ao 93.3

AvG. 1.3 24e 294




BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: _ F/LMTEC TEST # _£5 '

ELEMENT # _Al292165
MEMBRANE SHEET # __2165-//
MEMBRANE LD. # __2165-65

CONTROL MEMBRANE TEST DATA BEFORE BIOCIDE EXPOSURE

TEST DATE: %j 91 START TIME: ___ [355

PRESSURE: psi FINISH TIME: 14658

FLOW RATE: _Q%_ gpm ELAPSED TIME: ___ (£ ___ hr
TEMPERATURE: C COLLECTION TIME:___ 5.0 min.
FEED CONDUCTIVITY: &0Q,00¢0 umhos

FEED pH: 2.4 : DATA TAKEN BY:__KT.

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION

CORR. CORR. (umhos) (%)

1 1 LT L2 x183=245x0855 = 210 400 2 FP3
2 3 el 124 x183=24520855 = 200 28D X.4

3 s — T x183=z""" x=—m—— = ———— — —

AVG, .2[50.. m %;.5
MEMBRANE TEST DATA AFTER BIOCIDE EXPOSURE

BIOCIDE: SORBIC AC1O CONC.:__Q.0!Z% BUFFER: HCs [NaHCOgpH: 5.5

IMMERSION IN BIOCIDE: [0 //Z/ 91 REMOVAL FROM BIOCIDE: { //4/922

TOTAL TIME IN BIOCIDE:_¥§& _DAYS

TEST DATE:[//Y 982 START TIME:____ /420

PRESSURE: Boo psi FINISH TIME: (530

FLOW RATE: Q.80 gpm ELAPSED TIME: x-) hr.

TEMPERATURE: ____Z24. C COLLECTION TIME: ___S min.

FEED CONDUCTIVITY: ©00__umhos

FEED pH: 2.7 DATA TAKEN BY:_C.E. M.

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umbos) (%)

1 3 53 Loex183=[9%x098 = _[9.] -7 (-] %99
2 ¢ 53 (0lx183=)940x0985 = U901 = Sfo 990
3 ¢ J9 L[!8 x183=3L59x0905 = _AI3 370 2.3

AVG. -[L.E. S18.. 99.1.

L



Sreat Lakes  WATERIAL SAFETY DATA SHEET

EMERGENCY TELEPHONE (501) 862-5141

IDENTITY - Bromochlorodimethylhydantoin

SECTION I - PRODUCT INFORMATION

MANUFACTURER'S NAME - GREAT LAKES CHEMICAL CORPORATION

T HO ER_FOR INFORMATION - (317) 497-6100

CAS REGISTRY NO. EPA Registered DATE PREPARED 7/90
Pesticide _

FORMULA  C,H,BrC1N,0, SUPERCEDES 11/89

CHEMICAL FAMILY - Halogenated hydantoin

PREPARED BY - Research Services Department

Great Lakes Chemical Corporation
West Lafayette, Indiana 47906

8 ON I

HAZARDOUS COMPONENTS (Specify Chemical Identity: Common Names)

COMPONENT OSHA PEL ACGIH TLV Other Limits
Recammended
l1-Bromo-3-chloro-5,5- Not estbl. Not estbl. Maintain at
dimethylhydantoin low levels to
avoid dust
irritation
Inert ingredients Not estbl. Not estbl. Not estbl.
GLCC Product Code: 899

GREAT LAKES CHEMICAL CORPORATION
P.O. Box 2200 - Highway 52 NW . West Lafayette, Indiana 47908




Great Lakes Chemidwdi Corporation - 2"
MSDS - Bromochlorodimethylhydantoin

8 ON - PHYSICAL/CHEMICAL CHARACTERISTICS
Boiling Point 3 Not Available
Density (1lb/ft") 64.5
Vapor Pressure (mm Hg) Not Available
Melting Point ~320°F
Vapor Density (AIR=1) Not Available
Evaporation Rate
(Butyl Acetate=1) Not Available
Solubility in Water Soluble at recommended
) dosage
Appearance and Odor White granular solid with

faint halogen odor

SECTION IV - FIRE AND EXPLOSION HAZARD DATA

Flash Point (Method Used) Not Applicable
Flammable Limits Not Applicable
LEL Not Applicable
UEL Not Applicable
Extinguishing Media Water

‘Special Fire Fighting Procedures

In fires fueled by other materials, may release hydrogen
bromide or bromine. Wear self-contained breathing

apparatus. Ammonium phosphate fire extinguishers should
not be used.

Unusual Fire and Explosion Hazards

In large fires fueled by other materials, the product may

smolder for prolonged periods emitting a dense black
smoke.

SECTION V - REACTIVITY DATA
Stability Stable X Unstable
Conditions to Avoid: None
Incompatibility (Materials to Avoid)

Organic chemicals and any other readily oxidizable
materials, strong reducing agents.




‘Great Lakes Chemicw.« Corporation
MSDS - Bromochlorodimethylhydantoin

Hazardous Decomposition or Byproducts
Hydrogen bromide, bromine, hydrogen chloride, chlorine.
Hazardous Po erization

May Occur Will Not Occur X

Conditions to Avoid: None

SECTION VI - HEALTH HAZARD DATA

Route(s) of Entry:
Inhalation? Yes Skin? No Ingestion? VYes
Health Hazards (Acute and Chronic):

The combined oral LDy, in rats is 578 mg/kg. The acute
dermal LD¢, is >2.0 g/kg in rabbits. The primary skin
irritation index is 6.1 and the product is considered
corrosive to the skin and eyes. Contact with dilute
solution (0.1% or less) is non-irritating to the eyes and
skin. Acute hazard is the corrosive nature of the solid
to skin and eyes, chronic hazards are not known.

NTP? No IARC Monographs? No OSHA Regulated? No
S8igns and Symptoms of Exposure:
The material can cause irreversible eye damage and skin

irritation from contact. Inhalation of dust can cause
nasal and throat irritation.

Medical Conditions Generallx Aggravated by Exposure:

None reported. Existing dermatitis may be aggravated by
exposure.

ergency and First Aid Procedures:

If Swallowed: Seek medical attention promptly. Do not
induce vomiting. Do not drink alcohol. Drink at least
8 o0z of water (not to exceed 0.23 o0z/1b in a child).

If on skin: Remove contaminated clothing immediately.
Brush off excess chemical and wash skin with large
volumes of soap and water, flushing the skin with water

for at least 15 minutes. If skin irritation develops,
seek medical attention.




Great Lakes Chemicwt Corporation - 4
MSDS - Bromochlorodimethylhydantoin

For Eve Contact: Irrigate eyes with large volumes of room
temperature water for at least 15 minutes, then seek
medical attention promptly.

NOTE TO PHYSICIAN: Probable mucosal damage may contrain-
dicate the use of gastric lavage.

SECTION VII - PRECAUTIONS FOR SAFE HANDLING AND USE

Steps to be Taken in Case Material is Released or Spilled

Sweep up spilled material and place in a clean, labeled,
suitable container. Avoid contact with skin, eyes, or
clothing. Avoid inhalation of dusts. Wash area of spill
with large amounts of water.

Waste Disposal Method

Wastes resulting from the use of this product may be
disposed of on site or at an approved disposal facility.
Do not reuse empty container. Triple rinse the container
(or equivalent), then offer for recycling or recondition-
ing, or puncture and dispose of in a sanitary landfill,
or incinerate. Burn only if allowed by state and local
authorities. If burned, stay out of smoke.

The NFPA has judged the product to be a class 2 oxidizer
in accordance with NFPA 43A-1980.

Precautions to be Taken in Handling and Storing

Keep product dry in tightly closed container when not in
use. Store in a cool, dry, well ventilated area away
from heat, open flames, organic chemicals and sunlight.
Transfer contents only to clean and dry containers.
Always replace cover.

Other Precautions

Do not contaminate water, food, or feed by storage or
disposal. Open dumping is prohibited.

DOT: Oxidizer, n.o.s. (1-Bromo-3-chloro-5,5-dimethyl-
hydantoin) UN 1479.

—— - S G D CED G I IR ST S T S G S G T S S S G S S S W Sy - S VP R Ghe S S Y S W S S G = G S -

SECTION VIII - CONTROL MEASURES
Respiratory Protection

NIOSH approved dust mask is essential where dusting may
occur.




‘Great Lakes Chemichi Corporation - 5
MSDS - Bromochlorodimethylhydantoin
Ventilation
Local Exhaust - Use to minimize dusting
Special - None
Mechanical - Use for general area control
Other - None
Protective Gloves - Essential to wear rubber or plastic gloves
Eye Protection - Chemical safety goggles

Other Protective Equipment ~ Clothing designed to minimize
skin contact

Work Hygienic Practices - Wash thoroughly after handling

Information on this form is furnished solely for the purpose of
compliance with OSHA's Hazard Communication Standard, 29CFR
1910.1200 and shall not be used for any other purpose.

DLMcCF:sb:082




Great Lakes  MATERIAL SAFETY DATA SHEET

Chemical Corporation

EMERGENCY TELEPHONE (501) 862-5141

IDENTITY - CN-1754 ; Bronopol; bromonitropropane diol

SECTION I - PRODUCT INFORMATION

MANUFACTURER'S NAME - GREAT LAKES CHEMICAL CORPORATION

TELEPHONE NUMBER FOR INFORMATION - (317) 497-6100

CAS REGISTRY NO. 52-51-7 DATE PREPARED 6/90
FORMULA  C;H,BrNO, SUPERCEDES 1/90
CHEMICAL FAMILY - Halogenated substituted alkanol
PREPARED BY - Research Services Department

Great Lakes Chemical Corporation
West Lafayette, Indiana 47906

SBECTION ITI

HAZARDOUS COMPONENTS (Specify Chemical Identity: Common Names)

COMPONENT OSHA PEL ACGIH TLV Other %imits
Recommended
CN-1754 Not establ. Not establ. Maintain at low

levels to avoid
dust irritation

GLCC Product Code: 899

GREAT LAKES CHEMICAL CORPORATION
P.O. Box 2200 . Highway 52 NW . West Lafayette, Indiana 47906




Great Lakes Chemical Corporation 2
MSDS .- CN-1754

SECTION IIT -~ PHYSICAL/CHEMICAL CHARACTERISTICS

Boiling Point Not Available
Specific Gravity (water=1) Not Available
Vapor Pressure (mm Hg) Not Available
Melting Point 130-133°C
Vapor Density (AIR=1) Not Available
Evaporation Rate
(Butyl Acetate=1) Not Available
Solubility in Water : Not Available
Appearance and Odor White crystals, odor not
available

SECTION IV - FIRE AND EXPLOSION HAZARD DATA

Flash Point (Method Used) Not Applicable
Flammable Limits Not Applicable
LEL Not Applicable
UEL Not Applicable

Extinguishing Media

All conventional media are suitable
Special Fire Fighting Procedures

Wear self-contained breathing apparatus
Unusual Fire and Explosion Hazards

Toxic and corrosive hydrogen bromide and nitrogen
compounds can be released in fire situations.

SECTION V - REACTIVITY DATA

Stability Stable X Unstable
Conditions to Avoid: None known
Incompatibility (Materials to Avoid)

Alkalis, oxidizers, reducing agents, acid chlorides, acid
anhydrides.

Hazardous Decomposition or Byproducts

Hydrogen bromide, nitrogen oxides, carbon monoxide.




Great Lakes Chemical Corporation
MSDS .- CN-1754

Hazardous Polymerization

May Occur Will Not Occur X

Conditions to Avoid: None

SECTION VI - HEALTH HAZARD DATA

Route(s) of Entry:
Inhalation? Yes Skin? Yes Ingestion?

Health Hazards (Acute and Chronic):

[§8)

Yes

The acute oral LD, with rats is 229 mg/kg. The dermal

LD, with rats is greater than 2000 mg/kg. ~The dermal
primary irritation index with rabbits is 4.6. The
material is considered moderately irritating to the skin.
The maximum average score was 110 at 21 days in the eye

irritation study with rabbits. The material is a severe
eye irritant and corrosive to the eyes. Chronic health

hazards are not known.

Carcinogenicity:

NTP? No IARC Monographs? No OSHA Regulated? No

Signs and Symptoms of Exposure:

Contact may cause irritation.

Medical Conditions Generally Aggravated by Exposure:

Not available.

Emergency and First Aid Procedures:

Eves: Flush with water for 15 minutes. Get medical

attention.

Skin: Flush with water. If irritation occurs, get

medical attention.

Inhalation: Remove person to fresh air, get medical

attention.

Ingestion: Get medical attention.




Great Lakes Chemical Corporation
MSDS .- CN-1754

F &

SECTION VIT - PRECAUTIONS FOR SAFE HANDLING AND USE

Steps to be Taken in Case Material is Released or Spilled

Wear protective equipment. Avoid breathing dust.
Collect spill and place in suitable labeled container.

Waste Disposal Method
Dispose of waste in an approved chemical incinerator or

chemical 1landfill as allowed by current 1laws and
regulations.

-Precautions to be Taken in Handling and Storing
Avoid contact and dust inhalation.

Other Precautions

Keep container closed.

- G S S T G - D T I - A G - G G S G L — — T S W - T — Y — - — - =

SECTION VIII - CONTROL MEASURES
Respiratory Protection

Wear NIOSH approved dust respirator if dusting occurs.

Ventilation
Local Exhaust - Use to minimize Special - None
dusting
Mechanical - Use for general area Other - None
control

Protective Gloves - Rubber or plastic
Eye Protection - Safety glasses or goggles
Other Protective Equipment - Body-covering clothing

Work Hygienic Practices - Wash thoroughly after handling

Information on this form is furnished solely for the purpose of
compliance with OSHA's Hazard Communication Standard, 29CFR
1910.1200 and shall not be used for any other purpose.

DIMcF:sb:008
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MATERIAL SAFETY DATA SHEET

PRODUCT NALCO 2593 MICROBIOCIDE

I 'y
NALCO /<&‘H10w

Emergency Telephone Number E
Medical (708) 820-1510 (24 hours) /_7

SECTION 1 PRODUCT IDENTIFICATION

TRADE NAME: NALCO 2593 MICROBIOCCIDE
DESCRIPTION: An aqueous solution of substituted isothiazolinone

NFPA 704M/HMIS RATING: 3/3 HEALTH 0/0 FLAMMABILITY 0/0 REACTIVITY 0 OTHER
O=Insignificant 1=Slight 2=Moderate 3=High 4=Extreme

SECTION 2 HAZARDOUS INGREDIENTS

Our hazard evaluation has identified the following chemical ingredient(s) as
hazardous uncer QOSHA's Hazard Communication Rule, 29 CFR 1910.1200. <Consult
Section 14 fcr the nature of the hazard(s).

INGREDIENT(S) CAS # APPROX. %

S-chloro-2-methyl-4 isothiazolin-3-one 26172-55-¢ 1.15%
Z2-methyl-4-isothiazolin-3-one 2682-20-4 0.35

% & % % % % % =

SECTION 3 PRECAUTIONARY LABEL INFORMATION

DANGER: Corrcsive. Causes eye damage and skin burns. May cause allergic
skin reacticn. May be harmfyl if inhaled. May be fatal if swallowed or
absorbed thrcugh the skin. Do not get in eyes, on skin, or on clothing. Wear
goggles or fzce shield and rubber gloves when handling. Avoid breatzing vapor
or mist. aAvo:xd contamination of food. D20 not take internally. Wash
thoroughly after handling.

® = % % X ®

SECTION 4 FIRST AID INFORMATION

EYES: Immediately flush for at least 15 minutes while holding
eyelids open. Call a physician at once.

SKIN: Wash thorougly with scap and rinse with water. Remove and
wash contaminated clothing before reuse.

INGESTION: Do not induce vomiting. Drink promptly a large quantaity of
milk, egg whites, gelatin solution, or, if these are not
available, drink large quantities of water. Avoid aicohol.
Call a physician immediately.

INHALATION: Remove immediately to fresh air. If not breathing, apply
artificial respiration. 1If breathing is difficult, give
oxygen. Call a physician.

NOTE TO PHYSICIAN: No specific antidote is known. Based on the
individual reactions of the patient, the physician's judgment should be
used to control symptoms and clinical condition.

* % % % & % % % % % % 2 X * % *

PAGE 1 OF 10




MATERIAL SAFETY DATA SHEET

PRODUCT yaLco 2593 MICROBIOCIDE

NALCO

Emergency Telephone Number
Medical (708) 920-1510 (24 hours)

SECTION 6 TOXICOLOGY INFORMATION ( CONTINUED )

COMMENTS: Four-hour nominal concentration for a solution containing 1%
active ingredients.

SKIN IRRITATION INDEX DRAIZE RATING: Severe irritant
EYE IRRITATION INDEX DRAIZE RATING: Corrosive (corneal damage)
SKIN SENSITIZATION: This product is a human sensitizer in its undiluted form.

A Guinea pig (Buehler Technigue) sensitizat:on study with an induction
dosage of 90 ppm of active ingredients follcwed by a insult of 429 ppm
of active ingredients was positive.

A human repeated insult patch study of 28 com active ingredients

followed by a insult of 56 ppm of active ingredients resulted in no
effect to the subjects tested.

SUBCHRONIC TOXICITY RESULTS: A 90-day dietary study in dogs of 840 ppm of the
product's active ingredients resulted in no mortalities or pathological
findings. A 90-day dermal study in rabbits of 0.4 mg/kg/day of the product's
active ingredients resulted in no irritaticn or pathological effects.

CHRONIC TOXICITY RESULTS: A teratology study with rabbits and rats was
negative with dosages of active ingredient ranging from 1.5 mg/kg to 13 mg/kg.
Mutagenicity results were equivocal. A 30-month skin painting mouse study
with applications of 400 ppm of active ingredients three times per week
showed no increase tumor frequency over con:trol animals.

I!l!ll!‘.‘!‘tl'ittitiﬁiit‘*‘

SECTION 7 PHYSICAL AND CHEMICAL PROPERTIES

COLOR: Pale yellow to green FORM: Liquid ODOR: Mild
DENSITY: 8.6 1lbs/gal.

SOLUBILITY IN WATER: Completely

pH (NEAT) = 3 -5 ASTM E-70
FREEZE POINT: 25 Degrees F ASTM D-1177
FLASH POINT: None

NOTE: These physical properties are typical values for this product.

SECTION 8 FIRE AND EXPLOSION INFORMATION

FLASH POINT: None

PAGE 3 OF 10




MATERIAL SAFETY DATA SHEET

PRODUCT naLCO 2593 MICROBIOCIDE

N A l‘c Q Emergency Telephone Number
Medical (708) 820-1510 (24 hours)
SECTION 11 SPILL AND DISPOSAL INFORMATION ( CONTINUED )

SPILL CONTROL AND RECOVERY:

Small liquid spills: Contain with absorbent material, such as clay, soil or
any commercially available absorbent. Shovel reclaimed liquid and absorbent
into recovery or salvage drums for disposal. Refer to CERCLA in Secticn 14.

Large liquid spills: Dike to prevent further movement and reclaim into
recovery or salvage drums or tank truck for disposal. Refer to CERCLA
in Section 14.

This product is toxic to fish. It should not be directly discharged
into lakes, ponds, streams, waterways Or puctii: water supplies.

DISPOSAL: If this product becomes a waste, .t meets the criteria of a
hazardous waste as defined under the Resocurces Conservation and Recovery
Act (RCRA) 40 CrR 261. Hazardous Waste D002.

As a hazardous liquid waste, it must be solidified with stabilizing agents
(such as sand, fly ash, or cement) so that —o free liquid remains before
disposal to a licensed industrial waste landfill (Hazardous Waste Treatcent,
Storage and Disposal facility). A hazardous liguid waste can also be
incinerated in accordance with local, state, and federal regulations.

Pesticide wastes are toxic. Improper disposal of excess pesticide, spray
mixture, or rinsate is a violation of Federal Law. If these wastes cannot be
disposed of by use according to label instrustion, contact your State
Pesticide or Envirocnmental Control Agency, cr the Hazardous Waste
representative at the nearest EPA Regional Cffice for guidance.

METAL CONTAINERS: Triple rinse (or equivalent). Then offer for recycling or
reconditioning, or puncture and dispose of in a sanitary landfill, or by other
procedures approved by state and local authcrities.

[ and
PLASTIC CONTAINERS: Do not reuse empty container. Triple rinse (or
equivalent). Then puncture and dispose of in a sanitary landfill, or, if
allowed by state and local authorities, by burning. If burned, stay out of
smoke.

% % % % % % * A % X % % % % % ¥ % * £ % % ¥ X X ¥ X X % 2 * ¥ F ¥ X X £ ¥

SECTION 12 ENVIRONMENTAL INFORMATION

CHEMICAL OXYGEN DEMAND (COD): 20,000 mg/L

TOTAL ORGANIC CARBON (TOC): 7,850 mg/L

* = 2 %
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MATERIAL SAFETY DATA SHEET

PRODUCT naLco 2593 MICROBIOCIDE

NALCO

Emergency Telephone Number
Medicai (708) 920-1510 (24 hours)

SECTION 13 TRANSPORTATION INFORMATION

DOT PROPER SHIPPING NAME/HAZARD CODE - CORROSIVE LIQUID, N.O.S.
CORROSIVE MATERIAL UN 1760

CONTAINS - 5-CHLORO-2-METHYL-4-ISOTHIAZO
LIN-3-ONE, CUPRIC NITRATE

* % % %

SECTION 14 REGULATORY INFORMATION

The following reguiations apply to this product.
FEDERAL REGULATICNS:

OSHA'S HAZARD COMMUNICATION RULE, 29 CFR 1912.1200:
Based on our hazarz evaluation, the following ingredients in this
product are hazardcus and the reasons are shewn below.

S5-chloro-2-methyl-3J isothiazolin-3-one - Corrcssive, sensitizer
2-methyl-4-isothiazolin-3-one - Corrosive, sensitizer

S-chloro-2-methyl-4 isothiazolin-3-one (mist or aerosol) = 0.5 mg/m? TLV
Manufacturer's reccamendation

CERCLA, 40 CFR 117, 302:
This product contz-ns cupric nitrate, a Reportable Quantity (RQ) substance and

1f 52,000 pounds cI product are released, it requires notification to the
NATIONAL RESPONSE ZINTER, WASHINGTON, D. C. 2-800-424-8802).

SARA/SUPERFUND AMZINDMENTS AND REAUTHORIZATICYN ACT QF 1986
(TITLE III) - SECTIONS 302, 311, 312 AND 313:

SECTION 302 - EXTE=MELY HAZARDOUS SUBSTANCES 40 CFR 355):
This product does not contain ingredients listed in Appendix A and B as an
Extremely Hazardcus Substance.

SECTIONS 311 and 3.2 - MATERIAL SAFETY DATA SHEET REQUIREMENTS (40 CFR 370):
Our hazard evalua::zon has found this product o be hazardous. The produc:
should be reported under the following EPA hazard categories:

XX Immediate (acu:ze) health ..azard
-- Delayed (chronic) health hazard
-- Fire hazard

-- Sudden release of pressure hazard
-- Reactive hazarz

"1‘1'1"!&"'!!1“‘1l&ll&lt'l‘t‘i!iﬂ

SECTION 313 - LIST OF TOXIC CHEMICALS (40 CFR 372):

PAGE 7 OF 10




MATERIAL SAFETY DATA SHEET

PRODUCT NaLCO 2593 MICROBIOCIDE

NALCO

Emergency Telephone Number
Medicai (708) 820-1510 (24 hours)

SECTION 14 REGULATORY INFORMATION ( CONTINUED )

INTERNATIONAL REGULATIONS:

This is not a WHMIS controlled product under The House of Commons of Canada
Bill C-70.

* %+ % %

SECTION 15 ADDITIONAL INFORMATION

Note: Other toxicological results are available upon request.

SECTION 16 USER'S RESPONSIBILITY

This product material safety data sheet provides health and safety
information. The product is to be used in applications consistent with
our product literature. Individuals handling this product should he
informed of the recommended safety precautions and should have access
to this information. For any other uses, exposures should be evaluated
sO that appropriate handling practices and training programs can be
established to ensure safe workplace operations. Please consult your
local sales representative for any further information.

SECTION 17 BIBLIOGRAPHY

ANNUAL REPORT ON CARCINOGENS, U.S. Department cZ Health and Human Services,
Public Health Service, PB 33-135855, 1983.

CASARETT AND DOULL'S TOXICOLOGY, THE BASIC SCIENCE OF POISONS, Doull, J.,
Klaassen, C. D., and Admur, M. 0., eds., Macmillian Publishing Company, Inc.,
N. Y., 2nd edition, 1980.

CHEMICAL HAZARDS OF THE WORKPLACE, Proctor, N. ¥., and Hughes, J. P., eds.,
J. P. Lipincott Ccmpany, N.Y., 1981.

DANGEROUS PROPERTIES OF INDUSTRIAL MATERIALS, Sax, N. Irving, ed., Van
Nostrand Reinhold Company, N.Y., 6th edition, 1984.

IARC MONOGRAPHS ON THE EVALUATION OF THE CARCINOGENIC RISK OF CHEMICALS
TO MAN, Geneva: World Health Organization, International Agency for
Research on Cancer, 1972-1977.

PATTY'S INDUSTRIAL HYGIENE AND TOXICOLOGY, Clayton, G. D., Clayton, F. E.,
eds., John Wiley and Sons, N. Y., 3rd edition, Vol. 2 A-C, 19Jl.

REGISTRY OF TOXIC EFPECTS ON CHEMICAL SUBSTANCES, U.S. Department of
Health and Human Services, Public Health Service, Center for Disease
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NALCO

Material Safety Data Sheet
Description and Explanation of Terms

Emergency Telephone Number
Medical (708) $20-1510 (24 hours)

The Material Safety Data Sheet (MSDS) has, over the
years, become the major media for transmitting heaith and
safety information on chemical products. It is therefore
natural that it has been included in the new OSHA Hazard
Communication Standard (29CFR 1910.1200) as the key
document along with the container label to provide hazard
information to employvees and employers.

These new OSHA regulations require chemical manufac-
turers to evaluate each chemical produced to determine if
it is hazardous. The definition of “‘hazardous”™ has been
expanded from the usual “flammable, corrosive, oxidizer.
explosive, toxic or highly toxic agents, carcinogen, etc.” :2
include combustibles as well as irritants. Consequently.
many products that had not previously been classified as
*hazardous” now fall into this classification under OSHA.

The new regulations require chemical manufacturers and
importers to prepare and distribute an MSDS for all
hazardous chemicals and that each container of hazardous
chemical leaving the workplace be labeled. In addition. tne
chemical manufacturer is to provide a copy of the MSDS
to the purchaser at the time of shipment or before.

Nalco has established a computerized program to send
MSDS's to each purchaser upon receipt of a first order
after November 235, 1985. The MSDS will automatically be
sent to the attenrtion of the purchasing agent at the “ship
to address.” A revised MSDS will also be sent to that
same address when a change has been made to the MSDS.

MSDS's will also continue to be available through your
Nalco Sales Representative or upon reqrest to Nalco.

The Nalco MSDS compiies with all of the requirements of
the OSHA reguiation. In addition. it provides vou with ail
of the important information regarding the safe handling of
our products. recommended protection measures. tox-
icological data. and the status of our products under
various federal and state environmental and safety
regulations. In short. we have put all of this information
into one document for vour convenience and easy use.

Nalco. as part of our overall commitment to product

safety, is providing MSDS's on all of our chemical
products regardiess of whether the product is hazardous or
not. The OSHA reguiations require an MSDS to be pre-
pared only for certain hazardous chemicais.

This MSDS section description and explanation of terms is
designed to assist vour interpretation of the MSDS so that
you may receive full value from cthe document.

Section 1 — Product identification

This section identifies the Nalco product by Trade Name
or Product Number. This is the same trade name or
product aumber that will appear on the product container
allowing you to match up the product label with the
MSDS.

Nalco also provides a generic chemicai description of all
major ingredients, both hazardous and non-hazardous.
This is designed to give your health and safety personnel
information on the class of chemistrvis) in our product
without compromising the proprietary nature of the
formulation.

The third part of this section is the National Fire Protec-
tion Association (NFPA) 704M rating designation. This
popuiar rating system is used to give vou a quick summary
of the hazards of the product regarding health, flam-
mability, reactivity and other hazards Based on NFPA
definition. an organic product will alwavs have a flam-
mability rating of at least (1) with inorganics having

a rating of (0).

Section 2 — Hazardous Ingredients

We have evaluated our formulations for hazardous proper-
ties and identify those chemical ingredients which we
believe cause or contribute to the hazard. As required by
OSHA. these substances are identified if they are present
in quantities greater than 1%, or in the case of car-
cinogens. greater than 0.1%. or if our hazard evaluation
determines a hazard exists at lower concentrations. The
hazardous ingredients are identified bv specific chemical
name and their CAS number (the Ckemical Abstract
Service number for that specific chemical).

To assist vour industrial hygiene anad safetv personnel
Nalco identifies general or relative concentration ranges
into which the exact percentage of tke hazardous
ingredient falls This should enabie vour safety pro-
fessional to evaluate the need for air sampiing, empiovee
monivoring, or other protective measures. Since most of
our product formuiations are proprietary, exact per-
centages will be given only when there are no trade secret
concerns.

In a few cases whero disclosure of specific chemical name
and CAS number of a hazardous ingredient would reiease
trade secrets, we have identified the chemical as “pro-
prietary” as permitted by the OSHA regulation. In the
event of an injury or accident. procedures are established
to communicate the specific identity to health pro-
fessionals who may have need for this information. In all

L
NALCO CHEMICAL COMPANY ONE NALCO CENTER o NAPERVILLE. [(LLINGIS 80583-1198
(708) 308-1000
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cases, the hazard information and safe handling recom-
mendations are provided

Section 3 — Precautionary Label
Information

The drum or product container is labeled showing product
identity, heaith and safety precautions as well as other
information on handling and use of the product. That por-
tion of the label which covers heaith and safety pre-
cautions is inciuded in this section of the MSDS. In this
way, you can easily refer to what is shown on the drum
label without actually seeing the container.

Empty drums or containers may contain residual product
and should be treated in accordance with the label require-
ment uniess the empty container has been properly recon-
ditioned. By EPA Standards {tRCRA - 40CFR 261.7), a
container i3 considered to be “empty”’ when it contains: 1)
no more than 1 inch (2.5 centimeters) of product, or 2) no
more than 35 by weight of the total capacity of the con-
tainer if the container is less than or equal to 110 gailons
in size or 3) no more than 0.3 by weight if the container
is greater than 110 galions in size. Empty drums that
formeriy contained chemicals listed in 40CFR 261.33 (¢}
must be tripie rinsed using a soivent capable of removing
the commerical chemical to qualify as “empty.” Quantities
of chemical greater than those indicated above which
remain in the container are considered "wastes” when dis-
posing of the container and appropriate RCRA regulations
will apply.

Section 4 — First Aid Information

This section is designed to provide first aid information for
the typical routes of exposure. The recommendations
should be followed in all cases. If exposure causes unex-
pected or delaved effects. or severe reaction or injury, you
should immediatelv consuit a pnvsician. Naico ALERT.
our medical emergency svstem 1312.920-1510) should be
called by the attending physician or others. Nalco ALERT
operates 24 hours/day, seven davs/week and is staffed by
trained professionais.

Section 5 — Heaith Effects information

This section describes the nature of the hazardous effect
resulting from exposure if no first aid or improper first aid
is given. The primary routes of exposure such as eye, skin,
inhalation or ingestion are listed along with the effects that
couid occur from acute (singie) exposure and chronic
(repeated) exposure. The most iikeiv exposure for our pro-
ducts would be due to unsafe practices which resuit in skin
or eye contact from splashes during handling or feeding of
the product.

Section 6 — Toxicology information

Our health hazard evaluation for a product is based upon
one or more of the following

1. Resuits of tozicological tests conducted on a product.

o

. Toxicological test resuits for a product ingre

3. Use of test results on a similar formulation

and,

4. Use of information obtained in the open lite
supplier information for an ingredienusi.

In this Section. we present summaries of resu.
toxicity tests. Explanations of resuits are giver
In most cases. results are those from acute. :1:
exposure tests conducted with laborarory anir
it should be remembered that the test procec:
quite stringent so that direct extrapolation of -
comparable human exposure must be viewea :
context.

The rvpes of acute animal tests which are rous
ducted include oral. dermal and inhalation ietr
and eve and skin irritancy studies. The ilethaii
invoive administration of the chemicai to zrcu:
animais at various graded dose leveis ana recc

tality as one end point. The mortalitv-dcse res

for zze calculation of the LDy or LCso 5V azr
statistical methods. The LDsg is that dose 1a=
cherm:cal usually expressed in grams or muiizr:
kilogram of animal body weight (g/kg or =z &z
wouid produce death in one half of a group <:

admirustered the chemical The LCsq is ecuiva
exceprt 1t uses concentration rather than aose :
expressed as parts per million (ppm). milizra=—
(mg/ i or milligrams per cubic meter of ar ‘=z
and cermai tests use LDsg while inhalation <25
In bota cases the smailer the value the mzre
chem:cai

Eve zna skin irritancy tests utilize weightea o
scores 10 assess degree of injury or irritation.
instances. such numerical scores are also =ven
rating: zuch as mildlv or severely irritaunz !
svsterrs are modeled after those describea =
(referread to in the Bibliography, Section .~ =
originai eve and skin irritation test procecures.
Resuits of skin sensitization tests conductzz ==
anima:s are presented Human data is qivern = . '
Generauy, these test resuits will be for one 7> =
chemicais in a formulation rather than the ;==
itself.

When available and applicable, resuits of -zsts

to assess hazards other than lethality, wiii ¢ z:
this Section under — “other toxicity resuits * z-
studies.” These tvpes of tests inciude life-=e
studies. reproduction tests, and tests desizreo -
birth defects (teratology studies). These tests a-
conducted on individual chemical(s) rather *=an
mulatea products.

Other snort-term bioassays for changes to zz2ner
run with bacterial and other cells. While tnese u
identifv genetic changes in tissue, the useruzes:
information as a prediction of a similar effect w




continues to be a scientific uncertainty. If this data is
available, it will be provided in this section

Since OSHA has broadened the criteria for acute health
hazards and since the numerical rating is not uniformiy
accepted by all governmental agencies and scientific
bodies. we are including OSHA's definitions below:

Highly toxic substance is one having:
1. An oral LDy, of 50 mg/kg or less.
2. A dermal LD of 200 mg/kg or iess.

3. An inhalation LCyq of 200 ppm or less of gas or
vapor: or 2 mg/l or less of mist. fume or dust.

A toxic substance is one having:
‘1. An oral LDsg between 50 and 500 mg kg
1. A dermai LDgy between 200 and :000 mg/ kg

*. An inhalation LCy between 200 ppm. 2,000 ppm of
gas or vapors. or between 2 and 29 mg| of mist, fume
or dust

A corrosive substance is one which causes third degree
hurns and scar tissue from 4-hour skin contact to rabbits.

A skin trritant is one which causes redness and swelling
which does not persist and results in a numericai score of
5 out of 8 in greater than 50% of the animals tested.

An eve irritant — under 1910.1200 an eye irritant is one
which at a minimum results in a grade 2 redness and/or
>welling of the conjunctiva in at least 3 of 6 test animals
when tested by the methods described in 16CFR 1500.42
or other appropriate techniques. The maximum attainable
score using the Draize procedure is 1.0 (80 for cornea. 10
for tris. and 20 for conjunctiva).

Use of a finite irritation index to assess a chemical's poten-
r1ai as an eye irritant. ie. x/110 cannot always be made
hecause of inconsistencies between OSHA's definition and
rhe standard Draize scoring technique. In some instances.
an index as low as 2.7/110 is sufficient to warrant the eve
uTitation hazard statement while in otner instances an
index of 6/110 wouid not. In cases of conilict such as this
we wiil point them out on the MSDS.

This rating system tends to classifv many substances as
irritants which wouid not be so classified under other
regulations.

Section 7 — Physical and Chemical
Properties

To assess the physical hazards of our products, we per-
form appropriate tests using procedures recommended by
the American Society for Testing and Materials (ASTM).
Their procedure number is identified accordingly. The
tests vary depending on the physical form and chemical
nature of the product. These physicai or chemicali test
resuits are one of the factors reviewed in determining the
need for or type of subsequent toxicoiogical testing The
resuits are also used to identify hazardous physical proper

ties which require labeling according to the Department

of Transportation (DOT) reguiations or for waste
classification for disposal under the Resource Conservation
and Recovery Act (RCRA).

Section 8 — Fire and Explosion
Information

If the product exshibits flammable characteristics, informa-
tion is provided on the recommended method for fightinz
fire. Unusuai fire or explosion hazards are aiso given
OSHA 29CFR 1910.1200 and the Department of
Transportation tDOT) consider products with flash points
of less than 190 degrees Fahrenheit (F) as flammable
materials. CLemicals with flash points between 100
degrees F and 200 degrees F are classified as combustidie.
On the other 2and, the Resource Conservation and
Recovery Act (RCRA) — 40CFR 261 subpart C and D
define those caemicals with flash points of 140 degrees ©
and below as ;zmitabie.

Section 9 — Reactivity information

The potental for our products to aggressively react witt
other commoniy found chemicals or to decompose
represents a special hazard. Information is provided on
possible interaction with other chemicals as well as reac-
tion of our products on commonly encountered materiais
of construction used for chemical and feeding handling
systems.

Section 10 — Personai Protective
Equipment

Handling cnemicals such as attaching feed pumps or
transferring czemicals from one container to another coz-
stitutes the most likely exposure to operating personne-

Recommenaarions are provided to protect personnei
handling proauct spiils. the type of ventiiation needed. :za
the protective equipment (respirator. gloves. goggles. etc..
that should be used. This is one of the most

important sections of the MSDS and the overall hazara
communication program and should be well understooa
and put in practice by operating personnei

Section 11 — Spill and Disposal
Information

The disposai of wastes generated at a facility is one of :ze
biggest prooiems facing industry. This section provides
information on how to handle and clean up product spiis
and guidance for proper disposal should our product be
considered a “waste” intended for disposal

Section 12 — Environmental Information

This section provides information useful for assessing
environmentai impact of products or product constituents.
When availabie and where applicable. information on paru-
tion coefficients. Biochemical Oxygen Demand (BOD). and
Chemical Oxygen Demand (COD) is presented.




"1lts of acute aquatic bicassays are presented. These
" isays, usually conducted on reinbow trout and bluegill
.uish are useful in assessing potential for adverse effects

on aquatic vertebrates, Resuits are usually expressed as
96-hour LCyq values in milligrams per liter water (mg/]) or
parts per million (ppm). The LCsp is the concentration
which is lethal to 50% of a group of fish exposed for the
time period indicated. [t is synonymous with the term
TLso (the concentration which would resuit in the survival
of 50% of a given test group). In many instances. 24 and
48 hours LCs, values are given. When applicable. a 96-
hour. no-observed effect concentration is presented based
upon lack of adverse effects and mortality.

While we know of no published list which ascribes a des-
criptive rating to LCsq values, listed below are ratings we
use as internai guidelines:

96-Hour LC,, Rating

<1.0 ppm Extremely toxic
>1.0<5.0 Highly toxic
>5<10.0 Toxic

>10<100 Moderately toxic
>100<1000 Slightly toxic

>1000 E ssentiallv non-toxic

Section 13 — Transportation Information

azardous chemicals are subject to regulation by the

artment of Transportation { DOT). Section 13 identifies
tne DOT proper shipping name and hazard class for the
product. if any. This name will appear on all shipping
documents. Many times the name will retlect the hazard
and not necessarily the exact chemical name identified in
Section 2. DOT hazard classifications are not alwavs in
agreement with those of OSHA.

Section 14 — Reguiatory information

Today chemical products are reguiated from the time they
are manufactured. during use, should any environmental
release occur. and when the material is finallv readyv for
disposal. Secuion 14 provides information on the status of
our products under the various federal and state
reguiations that may govern its manufacture. use or dis-
posal Specifically, under the OSHA Hazard Communica-
tion Rule 29CFR 1910.1200. the reason for classifving the
product as being hazardous is provided. A “hazardous
classification” is triggered by such things as 1) being
combustible (flash point 100-200 degrees F), 2) being
flammable (flash point less than 100 degrees F), 3) being a
skin or an eye irritant, 1) presenting chronic heaith hazards
such as liver damage, nerve damage, etc., 5) listed on the
National Toxicology Program {NTP) Annuai Report on
Carcinogens or found to be a potential carcinogen by the
* ‘srnational Agency for Research on Cancer (IARC), 6) or
A having an established workplace exposure limit or
~mmended limits. Threshold Limit Value (TLV) can be

established by either OSHA [OSHA uses the term Per
missible Exposure Limit (PEL)|, the American Conierence
of Governmental Industrial Hygienists (ACGIH) or by the
chemicai manufacturer.

Three categories of TLV's are recognized: 1) the
Threshoid Limit Value-Time Weighted Average « TLV-
TWA) - the time-weighted average concentration for a nor-
mai 8-hour workday and a 40-hour workweek. to which
neariy ail workers may be repeatedly exposed day aiter
day, without adverse effect, 2) Threshold Limit Vaiue-
Short Term Exposure Limit (TLV-STEL) - the concentra-
tion to wnich workers can be exposed continuousiy for a
short period of time without suffering from 4) irritation. b)
chronic or irreversible tissue damage, or ¢) narcosis of suf-
ficient degree to increase the likelihood of accidentai
injury. impair self-rescue or materially reduce work
efficiency. and provided that the daily TLV-TWA :: not
exceeded A STEL is defined as a 15-minute time-
weignted average exposure which should not be exceeded
at any tume during a workday even if the 8-hour t:=e-
weignteqd average is within the TLV and 4) Thresroid
Limit Vaiue-Ceiling {TLV-C) — the concentration :zat
shouid not be exceeded during any part of the worsing
exposure.

We irequently receive questions on the statug of - r
products under other federal environmental laws. & >r this
reason. xnen appiicable, we are providing informar:on on
progducrt status under major iaws.

1. OSHA Hazard Communication 29CFR 1910.1200 —
These reguiations have been discussed previous.v in
this document.

2. Other OSHA Regulations — OSHA has estan_ shed
specific regulations for vartous chemicals. If these
regwanons apply to our products. the reguiaticz 2nd its
appiicaoility is identified.

3. CERCLA/Superjfund 40CFR 117.302 — This _aw
requires the reporting of spills of certain chem:ca:s
‘wnen tze quantity spilled exceeds certain speciad
amounts If Nalco's product contains one of the
speciuied chemicals. the quantity of Nalco proc:cr
wnicn must be spilled before the notification renwre-
ment is “triggered.” is calculated and the chem:cai is
‘denufied.

4. Toxic Substances Control Act (TSCA) — Oniv
supbstances that are included on the TSCA 8ib: inven-
tory iist. have been exempted, or have been cieared
througn a TSCA premanufacturing notification + PNN)
can pe iegally manufactured and used in the U.3. A As
other sections of TSCA are impiemented. other
reguations may apply and will be addressed




NALCD

5. If our product requires registration or govern
mental clearances for use in intended applications
(exampies, pesticides under FIFRA, food additives
under FDA, drinking water additives, fuel additives
under EPA. use in meat and pouitry plants under
USDA) the status under the appropriate law is
indicated

6. Resource Conservation and Recovery Act (RCRA) —
Our products as sold are not wastes and therefore not
covered by this Act. However, should someone decide
to declare them a waste and discard them. then they
must be evaluated to determine how RCRA might cover
the waste. This information is provided on our products
shouid they become “a waste.” Please refer to com-
ments in Section 3 of this dccument regarding empty
containers.

. The Federal Clean Air and Water Acts 40CFR 60
and 61 and 40CFR 401.15 and 116 contain sections
which specifically list chemicals for which these
regulations apply. If Nalco products contain as
ingredients any of the chemicals listed under these
sections. they will be identified This wiii allow assess-
ment of their impact, if any, on discharge
or emission permits.

bt }

We also get similar questions regarding the status of our
products under state reguiations. State laws are becoming
more common and it is difficult to cover aii the specifics of
each state law in this limited space. However. many states
1such as Michigan) list those materials which thev consider
hazardous or use criteria for listing chemicais. Exampies of
these criteria are the established TLV's by OSHA or
ACGIH or the presence of the chemical on a iist such as
the National Toxicology Program (NTP) Annuai Report or
[nternationai Agency for Research on Cancer (IARC) list
for suspect carcinogens. We are identifying those
chemicals for which there is an established TLV or that
appear on the NTP or IARC lists.

Section 15 — Additionai Information

There may be additional information availabie than what is
covered in other sections affecting heaith. safety and
regulation of our product. Section 15 provides space to
present this additional information

Section 16 — User's Responsibility

This section is designed to serve as a reminder that the
information provided is of use only if it is transmitted to
the persons who handle the product or work in iocations
where hazardous chemicais are used or stored. The infor
mation is developed based on recommended uses for our
products. Other applications may warrant additional
review.

Section 17 — Bibliography

In addition to this MSDS section description, we may find
it of value to know the source material used in evaluating
our products other than specific toxicity tests or physical/
chemicai tests we may have performed. The references
below along with this document serve as a brief descrip-
tion of the hazard cetermination procedure we use in
evaluating our products.

Typical Bibliographic Sources Used

Annual Report on Ccreinogens, U.S, Department of Health
and Human Services. Public Health Service, PB 33-
135855, 1983.

Casarett and Doull's Toxicology, The Basic Science of
Poisons, Doull, J., Klaassen. C. D., and Amdur, M. O., eds..
Macmillian Publishing Company, Inc., N.Y.. 2nd edition.
1980.

Chemical Hazards ¢ the Workplace. Proctor, N. H.. and
Hughes, J. P., eds.. . P. Lipincott Company, N.Y.. 1981.

Dangerous Propertes of Industrial Materials. Sax. N. Irving,
ed.. Van Nostrand Reinhoid Company, N.Y., 6th edition.
1984.

IARC Monographs o~ the Evaluation of the Carcinogenic
Risk of Chemicals tc Man. Geneva: World Heaith Organiza-
tion. Internationai Azency for Research on Cancer,
1972-1977.

Patty's Industrial H- siene and Toxicology, Clayton. G. D..
Clayton. F. E., eds.. -ohn Wilev and Sons, N.Y., 3rd
edition, Vol 2 A-C. .381.

Registrv of Toxic Efi:cts of Chemical Substances, U.S.
Department of Heaiza and Human Services, Public Heaith
Service, Center for Uisease Control. National Institute for
Occupationai Safery znd Health. 1983 supplement of
1981-1982 edition. 5L 1-3, OH. 1984.

Title 29 Code of Feceral Regulations Part 1910, Subpart
Z, Toxic and Hazarcous Substances. Occupational Safety
and Heaith Adminiszation (OSHA).

Threshold Limit Vaiues for Chemical Substances and Physi-
cal Agents in the Woreroom Environment with

Intended Changes, Arzerican Conference of Governmental
Industrial Hygienists. OH.




the
Product

MEMSTOR is a highly effective
agent used for the short and long
term storage of RO and UF mem-
branes. it replaces the use of for-
maldehyde, sodium metabisulfite,
and all other chemicals used in the
prevention of microbiological
growtl, within membrane car-
tridges. Its use does not create an
environmental or health hazard
MEMSTOR does not lose efficacy
as does metabisulfite, nor does it
:reate toxic vapors iike formaide-
hyde. it is non-reactive with mem-
brane polymers and will not de-
grade membrane per- formance.
MEMSTOR is available

as a Six PAK (6X1ib preweighed
polybags) or in a 25ib polylined
drum,

]
the

Features

1. Safe to use and discharge

2 Provides medmum membrane pro-
tection agasinst the damaging effects of
micro-orgarism growth withn mem-
brane devices

3. pH adjusted to maintain optimum
membrans storage environment

4. Doee not lose efficacy when mem-
branes are stored for extended periods

MEMSTOR

MEMBRANE STORAGE AGENT

replaces formalin, sodium metabisulfite,, and other chemicals for
we prevention of microbiological growth without creating an environmental
2 or health hazard

the
. - MEMSTOR/FORMALIN
Comparison
MEMSTOR FORMALIN
1.Safety Notcaustic  Caustic to eyes, lungs, skin
2Handling No handling required  Special requirements
___ Preweighed packages
3.Storage Stable Special requirements, unstable,
Loses efficacy when diluted ‘
4. Disposal None  Special requirements
5. Environmental Noimpact Impacts ecology
_ membranes for a minimum of 15 min-
utes.
use 4. After recirculation, shut system
] down making sure storage solution
INStrUCtionsS e o orin cut o membrance.

MEMSTOR can be used for ele-
ment storage in-place or in an out-
side container. Outside storage re-
quires a drum or tank of sufficient
dimensions to contain the number
of elements that are to be stored.

IN-PLACE-STORAGE
1. Clean the membranes with cleaners
(Diamits LPH, Dlamite ACA or AFT)
prior to storage. This is a necessary
step to ensure a clean membrane sur-
face.
2 Using good quality water (RO prod-
uct water), mix &t a ratio of one pound
MEMSTOR or 1 package from MEM-
STOR Six PAK to 4 galions water.
3. Recircuiste storage solution, at low
pressurs (less than 60psig), through

5. After storage, rinse membranes with
good quality water for 30 minutes
before systsm start-up.

CONTAINER-STORAGE

1. Clean the membranes with cleaners
(Dlamite LPH, Diamite ACA or AFT)
prior to storage. This is a neceesary
step to ensure a clean membrane sur-
face. (Clean in-place or on a cleaning
skid)

2 Using good quality water (RO prod-
uct water), mix at a ratio of one pound
MEMSTOR or 1 package from MEM-
STOR Six PAK to 6 gailons water.
3. Place membranes in storage con-
tainer containing MEMSTOR solution,
4. After storage, piace membranes in
system and rinse with good quality
water for 30 minutes prior to system
start-up.

KINGLEE Sen Diego, CA (619)083-1358
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ARGO SCIENTIFIC

939 BAILEY COURT, SUITE A
SAN MARCOS, CALIFORNIA 82040
(619) 471-2650 FAX (619) 4712249

A

-~ PROGARD SPC™
MEMBRANE PRESERVATIVE

¢ Thin film and CA preservative
* FDA approved active ingredient
¢ Quick flush out
'« Safe to drain
* Effective biostatic control

PROGARD SPC™ is a special formula designed to preserve thin film and cellulose
acetate membranes during storage conditions. The active ingredient in PROGARD
SPC™ is an antimicrobial agent which exhibits long-lasting bacteriostatic properties.
PROGARD SPC™ use instructions:

PROGARD SPC™ should Le mixed with deionized or reverse osmosis product
water in a 4-to-1 solution (4 parts RO or DI water to 1 part PROGARD SPC™).

Systems which have been in storage for prolonged periods of time (longer than
four weeks) should be cleaned prior to start-up,
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MATERIAL SAFETY DATA SHEET

ARGO SCIENTIFIC EMERGENCY PITONE (619) 471-2650
935 Bailey Court L

San Marcos, CA 92069

Effective date: 8/89 MSDS No. 57-55-6

Product name: PROGARD SPC™

Chemical name and synonyms: N/A

Chemical family: Glyeol/CH, O,

Formula: Trade sccret

1. HAZARDOUS COMPONENTS: None
2. PHYSICAL PROPERTIES

Bolling point: 212°F

Specific gravity: 1.04

Vapor pressure: Approx 17.6

Percent volatile: None

Vapor density: Greater than 1

Evaporation rate: Lessthan 1

Water sclubility: >99%

pH (3% Solution): 55+ 0.5

Appearance & odor: Colorless liquid
Mild odor

3. FIRE & EXPLOSION DATA
Flash point: 212°F (PMCC)
Extinguishing media: Water, foam, CO,, dry chemical

Special fire fighting procedures: Self-contained breathing apparatus recom-
mended for fires involving this product.
Unusual fire and explosion hazards: None known

4. REACTIVITY
Stability: Stable
Incompatibility: None known

Hazardous decomposition products: None known
Hazardous polymerization: Will not occur
5. ENVIRONMENTAL AND DISPOSAL INFORMATION
Bury or incinerate in accordance with all Federal, State & local regulations.
Waste disposal method: Soak up with sand or other suitable absorbent and
shovel into suitable waste container.

P.03
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6. HEALTH HAZARD DATA

Eye contact: - Mild irritant
Skin contact: Mild irritant
Inhalation: Minimal irritant
7. FIRST AID
Eyes: Flush with water. GET MEDICAL ATTENTION
Skin: Flush with water
Ingestion: Get water to dilute. GET MEDICAL ATTENTION
. Inhalation: Remove from contact area "
8. HANDLING PRECAUTIONS
. Respiratory protection: None required
Ventilation: : General ventilation
Protective gloves: Non-absorbent chemical type
Other equipment: Safety glasses or goggles

9. ADDITIONAL INFORMATION
Special precautions to be taken in handling and storage: None
Other precautiors: None
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 aldrich chemical co.
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chemists helping chemists in research & industry

aldrich chemical co

P.O. Box 355, Milwaukee, Wisconsin 53201 USA

Q

-

Telephone: (414) 273-3850

TWX: (910) 262-3052 Aldrichem MI
Telex: 26 843 Aldrich Mi

FAX: (414) 273-4979

ﬂ AT ER I AL SAFETY DATA SHETZEZET PAGE 2
CUST#: 938350
PNg: 1904
PRODJUCT =3 264758-3 NAME: SALICYLIC ACID, 99%, AeCeSe REAGENT
CAS r:69-72-7
MF: C7H603
- TOXICITY HAZARDS -
EFFECTS (ON EMBRYO OR FETUS (EXTRA EMBRYONIC STRUCTURES)
EFFECTS ON EMBRYD 0OR FETUS (FETOTOXICITY)
SPECIFIC DEVELCPMENTAL ABNORMALITIES (CENTRAL MERVOUS SYSTEM)
SPECIFIC DEVELOPMENTAL ABNORMALITIES (CRANIOFACIAL)
SPECISIC DEVELOPMENTAL ABNORMALITIES (MUSC LDSKELETAL SYSTEM)
SPECIFIC DEVELCPMENTAL ABNORMALITIES (OTHER DEVELIPMENTAL
ABNNRIMALITIES)
ONLY SELECTED REGISTRY OF TOXIC EFFECTS OF CHEMICAL SUBSTANCES (RTECS)
DATA IS PRESENTED HEREe. SEE ACTUAL ENTRY IN RTECS FAR COMPLETE IN FORHATION.
——= HEALTH HAZARD DATA
ACUTE EFFECTS
HARMFUL IF SWALLOWEDs INHALEDs OR ABSORBED THROUGH SKINe
CAUSES SYE AND SKIN [RRITATION.
MATERIAL [S IRRITATING T MUCOUS MEMBRANES AND UPPER
RESPIRATORY TRACTe.
CHRAOMIC EFFECTS
LABORATORY EXPERIMENTS HAVE SHOWN MUTAGENIC EFFECTSe.
TARGET fJRGAN(S):
CENTRAL NERVOUS SYSTEM
FIRST aAlO
IN CASE OF CONTACT, [AMEDIATELY FLUSH EYES WITH COPINUS AMOUNTS OF
WATER FOR AT LEAST 15 MINUTES.
[" CASE UF CONTACT, IMMEOIATELY WASH SKIN WITH SOAP AND COPIOUS
AMUUNTS OF WATER. _
IF INHALEDs REMOVE TJ FRESH AIRe IF NOT BREATHING GIVE ARTIFICIAL
RFSP{RATION. [F BREATHING IS DIFFICULTy GIVE OXYGENe
IF SWALLOWED, WASH UUT MOUTH WITH WATER PROVIDED PERSON IS CONSCIQUS.
CALL A PHYSICIAN.
WASH CIONTAMINATED CLOTHING BEFORE REUSE.
- ————= PHYSICAL DAYA — -
BOILING PT: 211 C/20MM,
MELTING PT: 158 C TO 161 C
VAPUR DENSITY: 4.8
VAPJIR PRESSURE: 1 MM 2 114 C
APPEARANCE AND OJDOR
WHITE POWDER
CONTINUED ON NEXT PAGE
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chemists helping chemists in research & industry Telephone: (414) 273-3850
TWX: (910) 262-3052 Aldrichem Mi

B Telex: 26 843 Aldrich M
LOBIEM a r c c eml a - FAX: (414) 273-4979

¥ PO, Box 355, Milwaukee, Wisconsin 53201 USA

MATERI AL SAFETY OATA SHEET PAGE
CUST#: 9338350
PO4: 1904
PRODUCT #: 24758-3 NAME: SALICYLIC ACID, 99%y AeCeSe REAGENT
CAS 4:69=72-7
MF2 C7H603
- FIRE AND EXPLOSION HAZARD DATA -——
SXTINGUISHING MEDIA
WATER SPRAY.
CARQAON OIOXIDE, DRY CHEMICAL POWDER OR APPRIDPRIATE FIAM,
SPECIAL FIREFIGHTING PROCEDURES
WEAR SELF=CONTAINED BREATHING APPARATUS AND PROTECTIVE CLOTHING TO0
PREVENT CONTACT WITH SKIN AND EYES.
REACTIVITY DATA - - -
INCOMPATIBILITIES
STRONG OXIDIZING AGENTS
STRONG AASES
SENSITIVE TO LIGHT
HAZARDJUS CIMBUSTION (IR DECUMPOSITION PRODUCTS
TOXIC FUMES QOF:
CARSIN MONCXIDEs CARBON DIOXIDE
SPILL OR LEAK PROCEDURES
STEPS T3 4& TAKEN IF MATERIAL IS RELEASED QR SPILLED
WEAR SELF-CONTAINED BREATHING APPARATUS, RUBBER 300TS AND HEAVY
RUBBER GLOVESe.
SWHEEP UP, PLACE IN A BAG AND HOLD FOR WASTE ODISPOSAL.
AVOID RAISING OUST.,
VENTILATE AREA AND WASH SPILL SITE AFTER MATERIAL PICKUP IS COMPLETE.
WASTE J1SPNSAL METHOO »
DISSULVE QR MIX THE MATERIAL WITH A COMBUSTIBLE SOLVENT AND BURN IN A
CHEMICAL INCINERATOR EQUIPPED WITH AN AFTERBURNER AND SCRUBBER,
-—— PRECAUTIONS TO BE TAKEN IN HANDLING AND STORAGE -—-
CHEMICAL SAFETY GJGGLES.
RUBBER GLQOVES.
HI10SA/4SHA-APPROVED RESPIRATOR.
SAFETY SHOWER AND EYE BATHe
USE ONLY IN A CHEMICAL FUME HOOGD.
00 NNT 3REATHE DUST.
00 NNT GET IN EYESs ON SKINy ON CLOTHING.
WASH THOROUGHLY AFTER HANDLING.
TOXIC.
IRRITANT.
CONTINUED ON NEXT PAGE
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chemists helping chemists in research & industry Telephone: (414) 273-3850
TWX: (910) 262-3052 Aldrichem MI

) 2 Telex: 26 843 Aldrich M
oL orces ricn cnemicas Co. FAX: (414) 2734075

P.O. Box 355, Milwaukee, Wisconsin 53201 USA

MATERI AL SAFETY DATA SHEET PAGE
CysST#: 938350
PO%: 1904
PRODUCT +4: 24758-8 NAME: SALICYLIC ACIDy 99%y AeCeSe IEAGENT
CAS #:69-72-7
MF: CTH603

~—=— PRECAUTIONS TO BE TAKEN IN HANDLING AND STORAGE ---
POSSIBLE MUTAGENe.

KEE? TIGHTLY CLOSED.
MOTSTURE SENSITIVE
PRAOTECT FROM LIGHT.
STORE IN A COOL DRY PLACE.
LABEL °2ECAUTICNARY STATEMENTS
TOXIC (USA DEFINITION)
HARMFUL (EUROPEAN DEFINITION)
HARMFEUL 3Y INHALATION, IN CONTACT WITH SKIN ANO IF SWALLOWED.
[RRITATING TO EYES, RESPIRATORY SYSTEM AND SKIN.
PASSIALE RISK (OF [RREVERSIBLE cCFFECTS.
POSSISLE MUTAGEN.
TARGET ORGAN(S):
CENTRAL MERVIUS SYSTEM
IN CASE OJF CONTACT WITH EYES, RINSE I[MMEDIATELY WITH PLENTY OF
WATER ANDO SEEK MEDICAL ADVICE.
WEAR SUITABLE PROTECTIVE CLOTHING.
0O MCT RREATHE DUST.
THE AGOVE INFORMATION IS BELIEVED TD BE CORRECT BUT DOES NOT PURPORT TO BE
ALL THCLUSIVE AND SHALL BE USED ONLY AS A GUIDE. ALORICH SHALL NOT BE KSELD
LIABLE FOR ANY DAHAGE RESULTING FROM HANDL ING IR FROM CONTACT WITH THE
ABOVE °R0DDUCT, SEE REVERSE SIDE OF INVOICE R PACKING SLIP FIR ADDITIONAL
TERMS AND COANC TIONS OF SALE.
COPYRISHT 13991 ALDRICH CHEMICAL CO » INCae
LICENSE SANTED TO MAKE UNLIMITED CIPIES FOR INTERNAL USE ONLY.
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CHEMICAL DIVISION

INFORMATION SHEET 2050

SODIUM BENZOATE NF,FCC

Sodium benzoate is the sodium salt of benzoic acid. Sodium benzoate is a
white odorless, or nearly odorless, crystalline granule or powder with an
astringent, sweetish taste. It is widely employed in the food industry

‘as an antimicrobial agent. All three forms sold by Pfizer conform to the
specifications set by the National Formulary and the Food Chemicals Codex.

Progerties

Formula C7H5Na02

Molecular Wt. 144.11

Solubility (25°C) g/100 ml
water 50
-Alcohol 1.3
Ether Insoluble

Structure

OONa

Pfizer supplies three types of Sodium Benzoate NF,FCC.

Powder (S &4144)
Dense (S 4148)
Type LD (S 4146)

The products differ in particle size, which has direct impact upon the
solubility rate and dusting characteristics of the material.

Particle Size (USS Sieves)

Powder 2.0% Maximum on 80 mesh
Dense 1% Maximum on 8 mesh

30% Maximum through 80 mesh
Type LD 15% Maximum on 8 mesh

10% Maximum through 80 mesh




-2 -

%*
Comparative Rates of Dissolution

Powder 1:45
Dense ‘3:00
Type LD 3:25

*Determined by measuring time required
for 100 grams to dissolve in 300 ml
water with controlled temperature and
agitation. The absolute value of the
data presented may vary because of
sample selection and methodology;
however, the order of ease of
dissolution is predictable.

Sodium Benzoate Powder is recommended when rapid solubility is a critical
factor in a process, and where dusting is not a problem.

Sodium Benzoate Type LD or "low dusting'" is a very granular material with
fewer fines present. Owing to the larger particle size, this material
requires more time to go into solution. Type LD is recommended when a
relatively low-dusting material is desired and for air-comnveyor bulk-
handling systems.

Pfizer's standard Sodium Benzoate Dense is recommended for most appli-
cations, particularly when solubility rate or moderate dusting is not a
primary consideration. :

Materials should be stored in well-closed containers.

@ CHEMICAL DIVISION

235 EAST 42nd STREET, NEW YORK, N.Y. 10017

Branch Offices

230 Brighton Road 2400 West Central Road. 16700 Red Hill Avenue 4360 Northeast Expressway

Clifton, N.J. 07012 Hoffman Estates, ll. 60196 irvine, Calif. 92714 Doraville, Ga. 30340

_ September 1981

The information contained herein is true and sccursi® 10 the best of our & dge. No or (Y
umummmmmumm.unmmr.mumm'wnum&n;mwm:
mmmunmmmm.mm shall constitute permission, inducement, or recommends-
mnmmmmnnmummnmmm.mbymu. NO7 88 & recOMmMeEndation 1 yss
mmunmwmmmmdmhumm
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Mallinc

Vo

. .85.8.5-.... . ._ .
NEEIPPe  yooria safery aca shes - _

.nna-.noaam Telephone Number
. Mallinckrodt 1ne. .. 3le-982-5000
sScience Products Division '
‘.°. .Q' : ‘ '
Paries, Kentucky 40361

' Effective Date: 10-15-83
PRODUCT IDENTIFICATION: .

Synonyms: Sodium borate decahydrate; borax; sodium pyroborate

Formula CAS No.: 1303-96-A (Hydrate) Molecular Weight: 381.37

TSCA CAS No.: 1330-43-4 (Anhydrous), . )
Hazardous Ingredients: . Chemfcal Formula: Na2B407 - 10H20
Not applicable.

VARNING! HARMFUL IF SWALLOVED, INHALED.OR ABSORBED THROUGH SKIN.
MAY CAUSE IRRITATION TO SKIN, EYES AND RESPIRATORY TRACT.

Avold contsct with eyss, skin and clothing:
Avoid bresthing dust.

Kesp container closed.

Use with adequate ventilation.

Vash thoroughly after handling.

EMERGENCY/FIRST A1D

1£ swelloved, induce vomiting immedistely by n?»:n tvo glasses of vater and
sticking finger dovn throat. HNever give anything by mouth to en unconscious
sTson,

£ inhaled, remove to fresh air.
difficuley.
In case of contact, ismediately flush skin or eyes with plenty of water for at
least 13 minutes, N .
In all cases call s physician.
SEE SECTION 5.

DOT Hazard Class: Hot Regulated

Cet medical attention’ for any breathing

Appearance: Grey, blue, or gresn on&-n-—.-.. ’ . ' !
Odot: Odorless. . o . ’
Solubilicy:  6g/100g vater. : . . _ '
Boiling Point: Loses vater @ 320°C (608°F). Vapor Density .;»nl:"mu:nnmonl-nno:

Melting Point: 73°C (167°F). . : : Vapor Pressure (ma Hg) uﬂo Emhnonl-n»o:
' : - found. -
m<-von-npms Rate:fo information

Densi "n.w.
ensity 3 found. .

.

T S ! ) ’ .ca.uo | .

. E ’ ..M . : 4.. ,.. , . '
Five: ) ’ . ' Mot considared to be a fire hazard. . - N
nsvno-r“:" . . n v Not aor-ns.uos to be o.... explosion .—...n.,.-ns. .

1

an

Y

. e, :
w“- sny means suitable n.an oannsu:n-:....u -..nn!!&._
i { LI T .

Fire Extinguishing Media:

1. .
In the svent of a firs, wesr full protective
tlothing and NIOSH-eppreved self-contained breathir
appsratus vigh full facepiece eperated in the
pressure demand or ether positive pressure moda.

Special Information:

N

Beactivicy Dass
Scabilicy:

SECTION.D i
Scable under ordinary conditions of use and storvag:

Hazardous Decomposition

Products: Eaits toxic fumes of -L:.i onide vhen heated teo

decomposition,

Hazardous ropui.l.n-n»oa" L1332} ...en oceur,

>n=-...-=8.~e=-. and metallic salts.

n:.oo_-v-n»v»:nn:”

Ventilate urea of leak or spill. Clean-up personnel msy require respiratory
protection from dust.’ ’

. .Spills: Sweep up snd containerize for nonw.l.-nno.. or dispossl. Vacvuming er ’P
sweeping may be used to avoid dust dispersal. .

Disposal: c...-nqcon csnnot be saved for reclamatfon masy be delivered to an appreved
vaste disposal fscilicy.

Ensure compliance with local, state and fedaral regulstions.




liaalth Hazard Informaticn
A._Exnosure/Health Effects
Inhalation:

' Ingestion:

Skin Contact:

Eye Contact:

Chronic Exposure:

Aggravation of
Pre-existing Conditions:

. Inhalation: .

Ingestion:

Skin Exposure:
Eys Exposure:

€.4e-JORISIIY _DATA

Oral vat LD50: 2660 -N\rm
Mutation references cited.
Reproductive effects cited.

.3
SECTION §

May cause frricacion to the respitatory tract,

coughing, nwusea, and vomiting.

:-o-._u.:-c-.-. in»._m. s_.-nuro-.ucuozn-n::.!.
duliness, lethargy, circulatory a.nn--»o:. cencral
nervous systes depression, shock, :_.zm damsge, coms,
and death, Estimated lethal dose 15 to 20 grams.

z-unnsuannnnn-n»o?:-«c.-c-oncoa n__noem_.. n..-x-...
especially damaged skin, with symptoms para leling
ingestion.

May cause irricacion, redness, and paln.

Prolonged or n.v-«ra ingestion or'skin absorption may
cause anofexia, waight loss, voaniting, mild diarrhea,
skin rash, convulsions, and anemia.

—

No —an.an'-n»os found.

" Remove to fresh air. Cet medical attention for any
breathing ‘difficulty.

unn::ozna.nannogann»:-»sn.s—-.noww va ups—._-nto
glasses of vater and sticking finger down throat. .

 Never give anything By mouth to sn unconscious person.
Call nnv.u»anns immediately. . .

In case of contact, _.E-o.:,.-.n.p« flush skin with plenty
of vater for at ‘lesst 135 minutes while removing .
contaninated clothing amd shoes. Call a physician.

,

Wash eyes vich plenty of water for at least 15 mirutes,
1ifting lever and upper‘eyslids occssionslly. Get
‘medical sttontion immediately. . R .

(xTeCS, 1982) . T oo

" Qccupations) Control Measures

.- ’ e
SECTION. 6

Alrborne Exposure Limits: -ACCIH Threshold Limit Valws (ILV):
. S wg/u’ (TWA) ° . '
A system of local and/or general exhaust is recommende
to keep cwployes exposures belov the Alrberie Exposuts.
Limits. Local exhaust ventiletion i3 gemerslly
proferred because it can control the emissions of ew-
contaminant at its source, preventing dispersion of {¢
into the general vork ares. FPlesse refet to the ACUIN
documsnt, "Industrial Ventilation, A Nanusl ef
uonoa.&-s Practices®, most recent edicion, for
eta .

Ventilation u«-noum

qu.n-o:a—u.-v»n-non. unnroqrcn-onnoousu.a.sﬂ.n\l:ano.:-nowcnns

(NI0SHt Approved) chemical gopples may be worn, in gemeral, up teo ten
: times the TLV. Consult respirator supplier for

. , limitations. Alternatively, a 1i{ed air full .
. facepiece respirator or afrlined mgy be wvorh,

. . | ‘
Wear impervious protective owcnz..mh fncluding boots,

. glovas, lab coat, apron or coverslls to prevent skin
contact, : . .

Skin Protection:

’ .. "

. . -

Use chemical safety goggles. Contect lemags should ne

be worn’vhen —anw».wintm”.. this matertsl. ' a
. " h

Meintain eys waih fountain and quick-drench fecilities

in wotk area. . ) . .

Eye Protection:

aoovr_-n:..n_.wn—o-snozn-n_..o—..nnonoun...-ooo—.._Q.Co:nnwnnosono-.
Protect against physical damage. . :

0 .

Eﬁttr‘.l.lttt"l".t‘&t&"l.Qttlt.‘tlttlt’tl!l'tb”.gié
The {nformation contsined herein is provided In good faith and is believed to
be correct as of the date hereof. However, :-:*:nrnosa. Inc, makes no repre-
sentation as to the oo-wno-_o._.-ﬁao- or accurscy of the informstion. It is
expected that individuals noo.:-:m the inforsation yill exerciss their in-
dependent judgment in determining its appropriateness,fotr s pargicular
purpose: Accordingly, Hallinckrodt, Inc. will net be responsidle for damages
of any kind resulting from the use of or relisnce upon such infermstion.

HO REPRESENTATIONS, OR WARRANTIES, EITHER EXPRESS OR INPLIED, OF
MERCHANTABILITY, FIINESS FOR A PARTICULAR PURPOSE OR-OF 'ANY OTHER

NATURE ARE MADE HEREUNDER. UITH RESPECT TO THE INFORMATION SET FORTM

HEREIN OR 70 THE PRODUCT 170 WHICH THE INFORMATION REPERS, .

B L L a it G T T e L

‘




. SUSSTANCE IDENTIFICATION

' CAS-NUMARER 7631=-90-5
SUBSTANCE: SODIUM BISULFITE

TRADE NAMES/SYNONYMS:
SULFUROUS ACID, MONOSUDIUM SALT, FR=-62; HYOROGZIN SCOIUM SULFATES
HYDROUEN SULFITE S00IUM; 4ONOSODIUM SULFITE; SODIUM ACID SULFITE,
SODIUM STISULPHITE,; 300IUM HYDROGEN SULFLTE; SODIUM SULFITE, STCC 4944155,
$=654; 0HS21030

CHEMICAL FAMILY:
INORGANIC SALT

MOLECULAR FORMULA: NA=H=5-93
MOLECULAR WEIGHT: 104.0¢6

CERCLA RATINGS (SCALE 0-3): HEALTH=3 FIRSE=D AEACTIVITY=0 PERSISTENC:Z=9
NFPA RATINGS (SCALE C-4): HZALTH=3 FLRE=0Q REACTIV1ITY=Q

COMPONENTS AND CONTAMINANTS

COMPONENT: SODIUM BISULFITZ PERCENT: 100
OTHeR CONTAMINANTS: NUNE
EKPUSURE LIMITS:
SODIUM BISULFITE:

S MG/M3 OSHA TwWa

5 MG/M3 ACGIH TWA

5930 POUNDS CERCLA SECTION 103 REPORTABLE QJUANTITY

PHYSICAL DATA
DESCRIPTIUN: WHITE CRYSTALS OR CRYSTALLINE POWDER WITH A SLIGHT SULFUROUS
ODOR AND TAsSTc. 30ILING POINT: DECOMPJSES MZLTING POINT: OECOMPOSES
SPECIFIC GRAVITY: 1.43 PH: ACIDIC IN SOLUTION
SILUSLILITY IN WATER: SOLUdLE

SOLVENT SOLUBILITY: SLIGHTLY SGOLUsLE 1IN ALCOHOL
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Flae AND ZAPLOSION DATA

"IRE AND ZXPLUSION HAZARD:
(EGLLIGI3LE FIRE HAZARD wWh&EN EXPOSED TO HEAT JP FLAME.

*IREFIGHTING MEDIA:

3RY CnEM1ICAL, CARBON DIUXIDc, HALUN, WATZR SPRAY OR STANDARD FOAM
(1757 SMERGENCY RESPONSE GUIDEIVUOK, DOT P 5300.4).

FOR LARGER FIRES, USE WATER SPRAY, FUG OR STANDARD FOAM
(1737 EMERGENCY RESPONSE GUIDEBUOK, DOT P 5300.4).

FAREFLGHTING:

MOVE CONTAINERS FROM FLRZ ARZA IF POSSI3LE. COOL CONTAINERS EXPISED TO FLAMES
wiTA WATER FROM SIDE UNTL{. WELL AFTER FIRE IS OUT. STAY AWAY FROM STORAGE TANK
INDS (1987 EMERGENCY RESPONSE GUIDEHCOK, 00T P 5200.4, GUIDE PASE 60).

JSE AGENTS SUITABLE FUR TYPE OF FIRE. USE WATER IN FLOODING AMOUNTS AS FOS.
COOL CONTAINZRS WITH FLOOOING AMOUNTS OF WATER, APPLY FROM AS FAR A DISTANCE
A3 PO33IHLE. AVOID SBREATHING COIROSIVZ VAPORS, KIEP UPWIND.

- e P D P AR TR D D G WD G WD W W WS S e TR D D WP WY W YD D D A D AR D D AR D R D ap Y AR P R R W W T G S G5 WD A S D WS R P D G S W WD A G G G TP ED T e -

TRANSPURTATION DATA

DZPARTMENT OF TRANSPORTATION HAZARD CLASSIFICATION &49CFR172.101:
URM=g

DEPARTMENT OF TRANZPORTATION LASELING REQUIREMENTS 49CFRT172.101 AND 172.4032:
NONE

DEPARTMENT OF TRANSPORTATION PACKAGING REQUIREMENTS: 49CFR173.330
EXCEPTIUNS: 49CFR173.505

TOXICITY

SODIUM SBISULFITE:
2000 MG/KG ORAL=RAT LDS0; 653 MG/KG INTRAPERITONEAL-RAT LDSI
115 Mu/Ke INTRAVENOUS-RAT L050, 244 Mua/Ku INTRAPZRITONZAL=CUG LD5J7 779 MG/XG
INTRAPERITONEAL=GUINEA PIu LDSJ, 575 MG/Kti INTRAPERITONEAL-MOUST LDSO,
330 Ma/KG INTRAPERITONEAL=-RABBIT LDSCs 130 %G/KG INTRAVENUUS—MOUSE LDSO;
&5 Ma/Ks INTRAVENOUS=RAZ5iT LD50; MUTAGSENLC DATA (RT:LS).
CARCINOGEN 3TATUS: NONE.
SODIUM SISULFITE IS AW <Y, SXIN, AND MUCOUS MEM3RANE IRRITANT AND A
SENSITIZER., ASTHMATICS MAY dE AT AN INCREASED RISK FRIM EXPOSUR:.

- D W R D AP W P R D G P A G T D D D A A WD AP D UL G U N W WGP Gp P L AR P SR UL YD AE AP WD R AP T ap P b AP Ap TS D AR AR G A D D A G D G G D G G Gn D e S e -

HeEALTH cFFSCTS AND FIRST AID

INHALATLIONS
SUDIUM BISULFITE:
1RRITANT/SENSITIZZR.
ACUTE EXPOSURE~= MAY CAUSE IRRITATION WITH SORE THROAT, COUGHING, AND
SHORTNESS OF JREATH. AQUZOUS SOLUTIONS MAY CAUSE SEVERZI IRRITATION.
SULFITES MAY CAUSE SENSITIZATION REACTIONS IN PRZIVIOUSLY £XPOSED PERSONS,




. 2AGE 03 OF 0%
ESPECIALLY ASTHMATICS. SYMPTOMS MAY INCLUDE FLUSHING, SEVERE WHEEZING,
SWELLING OF THE THROAT, ANO GENERALLZ:D ITCHING.

CHRUNIC EXPOSURE= REPEATED OR PROLGNGED EXPOSURE MAY CAUSE SENSITIZATION.

FIRST AID= REMOVE FROM cXPOSURE AREA TO FRZSH AIR IMMEDIATELY. IF BREATHING
HAS STOPPED, PERFORM ARTIFICIAL RESPIRATION. KEEP PERSON WARM AND AT REST.
TREAT SYMPTOMATICALLY AND SUPPORTIVcELY. GET MED.iCAL ATTENTION IMMEDIATELY.

SKIN CONTACT:
SODIUM BISULFITE:
IRRITANT/SENSITIZCR.

ACUTZ EXPOSURE= CONTACT WITH THe SKIN MAY CAUSE IRRITATION. AQUCOUS
SOLUTIONS MAY CAUSE SZVERE LRRITATION WITH PO03S13LE CORROSIIN,
SENSITIZATION DZRMATITIS MAY OCCUR IN PRcVIJUSLY SXPOSED PERSJINS.

CARINIC EXPOSURE- REPEATED OR PROLONGED =XPOSURE MAY CAUSE CONTACT
DERMATITIS. SENSITIZATION REACTIONS HAVE SZEN REPORTED ALSO.

FIRST AID= RCMOVE CONTAMINATZD CLUTHiLING AND SHOES IYMMEDIATELY. WASH AFFECTED
AReA WITH SOAP OR MILD OZTERGENT AND LARGE AMOUNTS OF WATER UNTIL NO
EVLIDENC:E OF CHEMICAL ReMAINS (APPROXIMATSLY 15-20 MINUTES). GET MEDICAL
ATTENTION IMMEDIATELY.

cYE CONTACT:
SODIUM BISULFITE:
IRRITANT,
ACUTE EXPOSURE= COUNTACT WITH THZ EYES MAY CAUSE IRRITATION. AJIUEOQUS
SULUTIONS MAY CALSE SEVERE IRRITATION WITH POSSIBLE CORRCSIOIN.
CHRONIC EXPOSURE=- REPEATED wWR PROLONGED EXPOSURE MAY CAUSE CONJUNCTIVITIS.

FIRST AID- WASH ZYES IMMEDIATELY WITH LARGE AMOUNTS OF WATER OR NORMAL SALINE,
OCCASIONALLY LIFTING UPPER AND LUWER LIDS, UNMNTIL NC ZVIOD:=NCE JF CHEMICAL
ReMAlinS CAPPROXIMATELY 15-=20 MINUTE3). 3T McDICAL ATTENTION IMMEOLATCLY.

INGeSTION:
SODIUM SISULFITE:
SENSITIZER.

ACUTZ CXPOSURE= MAY CAUSE IPRITATIGN OF THE STOMACH WITH ABOOMINAL PAIN AND
NAUSEA. THE ESTIMATED L.ThAL DO3E IN HUMANS IS5 10 GRAMS. IN SUSCEPTIOSLE
INDIVIDUALS, PARTICULARLY ASTHMATICS, SULFITES MAY CAUSZ GENERALILED
FLUSHING, FAINTNESS, URONCHOSPASMS WITH WHEZZINS AND SHORTN:ISS OF 3REATH,
ANGIOCDEMA, HIVES, GENERALLZcD ITCHING, LARYNGEAL ZOEMA, HYPOTENSION,
CYANUSIS, PAPID PULSE, COLD, CLAMMY SKIN, ANAPHYLAXIS, RESPIRATORY ARREST,
AND UNCUNSCIOUSNESS. INGoSTION OF VERY LARGE DQ0SES OF SULFITES CAUS:D
VIOLENT CULIC ANUD DIARRHEA, CIRCULATORY DISTUR3IANCES, CENTRAL NERVOUS
SYSTEM DEPRESSION, AND DEATH IN RATS.

CHRUNIC EXPUSURE= RzPEATSD OR PROLONGEZD INGESTION OF FOODS CONTAINING
SULFITES MAY CAUS:Z SENSITIZATION

FIRST ALD= DO NOT USE GASTRIC LAVAGE OR EMES1S. OILUTE THE ACID IMMEOIATELY
3Y VRINKING LARGE QUANT.TIZS JOF WATER OR MILK. IF VOMITING PERSISTS.,
ADMINISTER FLUIDS RcPeAT:IOLY. INGESTED ACID MUST 42 DILUTEZD APPROXIMATELY
190 TIMES TO RENDER IT NmARMLESS TO TISSUES. MAINTAIN AIRWAY AND TREAT SHOCK.
(ORcISBACH, HANDIUCK IF POISONING, T1TH Z0.)e GET McDICAL ATTENTION
IMMEDIATELY. IF VOMITING OCCURS, KEEP HZAD 33LO4 HIPS TO HELP PREVENT
ASPIRATION.
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10 SPeCIFIC ANTIDUTE. TREAT SYMPTOMATICALLY AND SJUPPORTIVELY.

REACTIVITY

tEACTIVITY:
' TASLE UNDER NORMAL TEMPERATURES AND PRESSURES IN AN ENCLOSED CONTAINER.
'LOWLY OXIDIZED TO THE SULFATE IN AIR.

NCOMPATISBILITIES:

ODIUM SBISULFITE:
ACIDS (STRONG): RELEASES SULFUR DIOXIDE.
ALUMINUM: CORROSIVE.
OXIDIZERS: REACTS.

'eCOMPOSITIONS

"HZRAMAL DECOMPOSITION MAY RELZASE TIOXIC CXID:ZS OF SULFUR AND TOXIC SODiUM
)XID:. :

>)LYM:RIZATION:
1AZARDOUS POLYMERIZATION HAS NOT sZcN REPORTED TO OCCUR UNDER NORMAL
[EMPERATURES AND PRESSURES. ‘

STORAGE AND DiSPOSAL
)>SZRVI ALL FEDERAL, STATE AND LJICAL RZGULATIONS WHEN STORING CR DISPISING

JF ThHI3 SJUoSTANCE. FOR ASSISTANCS, CONTACT THE DISTRICT DIRICTOR OF THe
INVIRUNMENTAL PROTECTION AwENCY.

**STORAGE®™®
»TORE AWAY FRIOM INCOMPATIOLE SUSBSTANCES.

A A RS NEEAEERLEIEZEI LI AR PREESTRFREEITLIRLTELEEIEAEL R NS EZEIES R RIEREIE T2 0 R 2R 28

CONDITIUNS TUO AVOID
VONE REPORTED.

RSS2 2 i i 2222 FA RNl iss ittt it di i il 22 2 2 2 2 22 2 XX 2 2

SPILL AND LEAK PROCZDURES
30IL sPILle:
I3 A PIT, POND, LAGOON CR HOLDING AREA TO CUNTAIN LIQUID OR SOLID MATERIAL.
cuved SULIDS WITH A PLASTIC 3SHEET TO PREVENT DISSOLVING IN RAIN OR
FIRcFIGHTING WATER.

iaTER SPILL:
veUTRALIZE WITH CAUSTIC SODA.

\0D CALCIUM HYQOCHLORITE TO SPlLL.
\OD SUILTAHBLE AGENT TO NEUTRALIZZ SPILLED MATZRIAL TO PH-7.

/CCUPATIONAL SPILL:
idc€P UP AND PLACE IN SUITABLE CLEAN, DRY CONTALNERS FOR RECLAMATION OR LATER

e -




-

ISPUSAL. DO NOT FLUSH WITH WATER. XKEEP UNNECESSARY PZOPLE AWAY.

EPORTAJLE QUANTITY (RQ): S00U POUNDS
HE SUPCRFUND AMENDMENTS AND KcAUTHORIZATION ACT (SARA) SECTION 304 REQUIRES

HAT A RELEASE ©QUAL TO OR GREATER THAN THE RcPUORTA3SLE QUANTITY FOR THIS
U3STANCE SE LMMEDIATELY RZPORTED TO THE LOUAL EMERGENCY PLANNING COMMITTEE

N) THE STATE EMZRGENCY RESPUNSS COMMISSION (40 CFR 355.43). IF THE RELEASE OF
AIS 3SUSSTANCE IS REPORTASLE UNDER CERCLA SECTIUN 103, THE NATIONAL RESPONSE
eNTCR AUST &c NOTIFLED IMMIDLATELY AT (300) 424~3392 OR (232) <+26=2675 IN TH:
ETRIPOLITAN WASHINGTON, D.C. AREA (40 CFR 302.3).

PROTECTIVE ZWUIPMoNT

eNTICATIONS :
'‘ROVIve LUCAL cXHAUST VINTILATLIIN AND/ZOR GINERAL DILUTION VINTILATION TO MEET

'UgL13HeD EXPOSURe LIMITS. '

'eSPINRATUKS .

'ME SPEVIFIC RESPIPATOR S:L&CTED MUST 83 SASED UN THE CONTAMINATION LEVELS
FCUND IN THe WI’RK PLACc, MUST NIT EXCEZD THZ WORKING LIMITS OF THE
ReSPIRATUR AND E JOINTLY APPROVED 5Y THZ NATIONAL INSTITUTZ FOR
JCCUPATIONAL SAFZTY AND HEALTA AND THE MINS SAFETY AND HEALTH

ADMINISTRATION. -
THE FOLLOWING RISPLRATORS ARE RZCUMM:ENDED GASED OW THe DATA FOUND IN THZ

PRYSICAL DATA, AZALTH EFFcCT3 AND TOXICITY ZaCTION3S. THSY ARE RANK:ED 1IN
ORDZR FRUM MINIMUM TO NMaAXIMUM RZISPIRATORY PrOTECTLION:

DUST ANO MIST RcSPIRATOR WITH A FULL FACEPIcCE.

ALR-PURIFYING FULL FACEPI:ZC: }fSPIRATUR WITH A HIGH-EFFICIENCY PARTICULATZE
FilTeExva .

POWERED AIR=PURIFYINS RcSPIRATQR WITH A TIGAT-FITTING FACZPIECE AND
naord=ZFFICIENCY PARTICULATE FLLTER.

TYPE 'C' SUPPLIcCO-AIR R=SPIRATOR WITH A FULL FACEPLESCE OPERATED 1IN
PRESSURE=DEMAND (R UTA:ZR PusITIVe PRESSURE MUDE OR WITH A FYLL FACEPIECE,
RcLMET QR HOOU QF:=RAT:=D IN CONTINUOUS-FLOW MULE.

SCLF=CONTAINED JREATHING APPARATUS WITH A FULL FACEPISCE UPSRATED IN
PXES3IURc=DCMAND CR DTHER POSITIVE PRESSURE MODE.

FOUR FIReFISHTING AND JTHER IMMEDLATZLY DANGIROUS TG LIFE OR HIALTH CONOITIONS:

SLF=CUNTAINED SREATHING APPARATUS WITH FULL FACERPIZC: UPZRATED IN PREISSURE
D=MANO OR OTHER PUSITIVE PR:oSSUREZ MUD:.

3JPPLLED=AIR RESPIRATUR WITH FULL FAaCZPLECZI AND OPERATED IN PRIE3SSURE=DEMAND
OR QTHZR PO3ITIVec PRESSURE A0DE IN COMAINATION JITH AN AUXILIARY
SelLF=CONTALNED uRZATHING ~PPARATUS JPERATZD IN PRESSUR:Z-DIMAND OR OTHER

PUSITiVe PRESSURE MODE.

CLoTHINGS
EIMPLIYEe MUST WEAR APPROPRIAT: PRUTCCTIVE (LIMPERViIOJS3) CLIOTHING AND EQULIFMENT
Fro PReEVENT REPEATZD OR PRULJINIED SKIN CUNTACT WITH THIS SU4STANCE .
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Product Safety Information

=
e

-

: QUESTEX® 4SW

Tetrasodium Ethylenediaminetetraacetate, Hydrate

This Product Safety !nformation Sheet is principally
directed to managerial, safety, hygiene and medical per-
sonnel. The description of physical, chemical and toxi-
cological properties and handling advice is based on
expearimental results and past experience. It is intended
as a starting point for the development of safety and
health procedures.

. PHYSICAL AND CHEMICAL PROPERTIES
Formula: C|¢H|1N1Nan0. . 4H,0
Formula Weight: 452.2 (Na,EDTA)
Physical State: White crystalline solid
\Water Solubility: 103 gm/100 gm H,0 @ 25°C/77°F
pH:10.5-11.5 (1% aqueous solution)
Butk Density: Approximately 45 1bs./ft.?
QOdor: None
Fiash Point: None

tl. CHEMICAL REACTIVITY

An aqueous solution of this product complexes soluble
multivalent metal ions over a wide pH range. It reacts
slowly with insoluble compounds containing metal ions.
See Section X for information regarding chemical reac-
tivily with metais.

1l, STABILITY

This material is degraded by strong oxidizing agents
such as chromic acid, potassium permanganate and
high concentrations of hydrogen peroxide. Prolonged
heating or storage at temperatures greater than 200°C/
392°F will result in loss of water of hydration.

IV. FIRE HAZARD

This material is not considered combustible, nor will it
support combustion.

V. FIREFIGHTING TECHNIQUE

As in any fire prevent human exposure to fire, smoke.
fumes. or products of combustion. Evacuate nonessen-
tial personnel from the fire area.

When there is a potential for exposure to fire, smoke.
fumes, products of combustion, etc.. firefighters should
wear full-face, self-contained breathing apparatus and
impervious clothing such as gloves. hoods. cuils and
rubber boots.

Use standard tirefighting techniques in extinguishing
fires involving this material—use water, dry chemicais.
foam, carbon dioxide or other suitable suffocation
agents.

VI. TOXICOLOGY
CAUTION: Prolonged or repeated contact may cause
irritation. Avoid contact with eyes, skin and clothing.

Ingestion
The acute oral LD50 is 630 to 1260 mg/kg in rats.

Skin Contact

Prolonged or repeated skin contact may cause slight
redness. Nonirritant to skin foliowing short-term con-
tact.

Eye Contact

Moderate irritant to eyes. May cause slight transient
corneal injury.

Threshold Limit Value (TLV)

The American Conference of Governmental Industrial
Hygienists has not established a TLV.

Vil. FIRST AID

CALL A PHYSICIAN IMMEDIATELY

If a known exposure occrs, or if poisoning is suspect-
ed. do not wait for symptoms to develop. Immediately
initiate the recommended procedures below. Simulta-
neously contact a physician, or the nearest hospital. or
the nearest Poison Controi Center. Inform the person
contacted of the type and extent of exposure. describe
the victim’s symptoms, and follow the advice given. For
additional information, call collect, day or night, Stauffer
Chemical Company (203) 226-6602 or Chemtrec (800)
424-9300.

Ingestion

If swallowed — Immediately dilute the swallowed mate-
rial by giving targe quantities of water. Induce vomiting
by gagging the victim with a blunt object placed on the
back of the victim’s tongue. Continue fluid administra-
tion until vomitus is clear. Never give anything by mouth

FIRST AID.

Chemical Company) or (800) 424-9300 (Chemtrec).

—
In case of suspected poisoning, refer to the procedure and emergency contacts in Section VIl —

in case of spillage.refer to the procedure and emergency contacts in Section IX —SPILL HANDLING.
In case of animal poisoning. call a veterinarian or call coliect, day or night (203) 226-6602 (Stauffer

In case of contamination of other materials with this product. call (800) 424-9300 (Chemtrec).

)
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to an unconscious person. Call a physician or the near-
est Poison Control Center immediately.

Eye Contact

Immediately flush the eyes wilh large quantities of run-
ning water for a minimum of 15 minutes. Hold the eye-
lids apart during the flushing 10 ensure rinsing of the
entire surface of the eye and lids with water. Do not
attempt to neutratize with chemical agents. Obtain med-
ical attention as soon as possible. Qils or ointments
should not be used. Continue the flushing for an addi-
tional 15 minutes if the physician is not immediately
available.

Skin Contact

Remove any contaminated clothing and wash all affect-
ed areas with plenty of soap and water. Seek medical
attention if irritation occurs.

Inhalation

Remove from contaminated atmosphere. il breathing
has ceased, clear the victim's airway and start mouth-
to-mouth artificial respiration, which may be supple-
mented by the use of a bag-mask respirator, or a manu-
ally-triggered. oxygen supply capabte of delivering one
liter/second or more. If the victim is breathing. oxygen
may be delivered from a demand-type or continuous-
flow inhalator, preferably with a physician's advice.
Contact a physician immediately.

VIHI. INDUSTRIAL HYGIENE

Ingestion .

All food should be kept in a separate area away from
the working location. Eating, drinking, and smoking
should be prohibited in areas where there is a potential
for significant exposure to this material. Before eating.

hands and face should be thoroughly washed.
Skin Contact

Skin contact should be minimized through the use of
gloves and suitable long-sieeved clothing.

Eye Contact

Eye contact should be prevented through the use of
chemical safety glasses, goggles or a face shield.
Inhalation

I dust is generated, it should be controlled by local ex-
haust ventilation. Where this is not feasible, inhalation

can be prevented through the use of a NIOSH-approved
particulate filter respirator

1X. SPILL HANDLING

Make sure all personnel involved in the spitll cleanup
follow good industrial hygiene practices (refer t0 Sec-
tion VIil).

Small spills can be handled routinely. Use adequate
ventilation and wear a dust mask to prevent inhalation.
Wear suitable protective clothing and eye protection to
prevent skin and eye contact. Use the following proce-
dures.

Sweep up the material being careful not to create
dust and transferto an appropriate chemical waste con-
tainer. Seal container and dispose of in an approved
landfill or in such a manner that will not adversely affect
the environment. The residue may be flushed with water

IN CASE OF EMERGENCY, CALL, DAY OR NIGHT
(800) 424-8300 (CHEMTREC)

X. CORROSIVITY TO MATERIALS
OF CONSTRUCTION

Lined-steel. stainless steel or fiber glass (vinyl ester
resin) are the preferred materials of construction for
process equipment and storage. Aqueous solutions of
this material are corrosive to commnn metals such as
aluminum, copper, most copper containing alloys, gal-
vanized iron and nickel.

Xl. STORAGE REQUIREMENTS

Containers should be stored in a cool, dry, well-venti-
lated area. Exercise due caution to prevent damage to
or leakage from the container,

Xli. DISPOSAL OF UNUSED MATERIAL
Material that cannot be used or chemically reprocessed
should be disposed of in an approved landfill or incin-
erated by means equipped with appropriate environ-
mental pollution controls.

Xll. DISPOSAL OF CONTAINER

Emply containers may be incinerated by means

equipped with appropriate environmental poilution con-
trols or may be discarded with the generai trash.




